a2 United States Patent
Yoshida

US009171492B2

US 9,171,492 B2
*Qct. 27, 2015

(10) Patent No.:
(45) Date of Patent:

(54) DISPLAY DEVICE

(71) Applicant: Semiconductor Energy Laboratory
Co., Ltd., Atsugi-shi, Kanagawa-ken
(IP)

(72) Inventor: Yasunori Yoshida, Kanagawa (JP)

(73) Assignee: Semiconductor Energy Laboratory
Co., Ltd., Atsugi-shi, Kanagawa-ken
(IP)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 14/170,693

(22) Filed: Feb. 3,2014
(65) Prior Publication Data
US 2014/0176405 A1l Jun. 26, 2014

Related U.S. Application Data

(63) Continuation of application No. 11/972,159, filed on
Jan. 10, 2008, now Pat. No. 8,643,583.

(30) Foreign Application Priority Data
Jan. 12,2007  (JP) weveevercireeecencencenne 2007-004106

(51) Imt.ClL

G09G 3/36 (2006.01)

G09G 3/20 (2006.01)

(Continued)

(52) US.CL

CPC ..o G09G 3/2085 (2013.01); GOIG 3/20

(2013.01); GO2F 1/136213 (2013.01); GO9G
3/3208 (2013.01); GO9G 3/342 (2013.01):

(58) Field of Classification Search
CPC ... GO09G 3/20; GO09G 3/2085; G09G 3/342;
GO09G 3/3648; G09G 2310/04; GO9G
2320/0252
USPC oo 345/84, 89, 98, 10, 102
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,828,367 A
5,978,052 A

10/1998 Kuga
11/1999 Ilcisin

(Continued)

FOREIGN PATENT DOCUMENTS

EP 1596353 A2 11/2005
EP 1662469 A 5/2006
(Continued)
OTHER PUBLICATIONS

Korean Office Action (Application No. 2008-0003371) Dated Jul. 30,
2014.

Primary Examiner — Premal Patel
(74) Attorney, Agent, or Firm — Fish & Richardson P.C.

(57) ABSTRACT

To provide an active matrix display device in which power
consumption of a signal line driver circuit can be suppressed,
so that power consumption of the entire memory can be
suppressed. A plurality of memory circuits which can write
data of a video signal input to a pixel in one line period and
can hold the data are provided in a signal line driver circuit of
a display device. Then, the data held in each memory circuit
is input to a pixel of a corresponding line as a video signal. By
providing two or more memory circuits in a driver circuit,
pieces of data of video signals corresponding to two or more
line periods can be concurrently held in the memory circuits.

(Continued) 13 Claims, 87 Drawing Sheets
i
Hsyng ———n
Vsync~——= 113 ACLK 102
—_— S-SP S-CLK
LK e ]
l 11 .

ety
video -
data —1 14 | WS RS . 105

B o ]
I T
G-SP G-CLK

101 100




US 9,171,492 B2

Page 2
(51) Imt.CL 2006/0124807 Al 6/2006 Shingai et al.
GO2F 1/1362 (2006.01) 2006/0202918 Al 9/2006 Kim
GO9G 3/32 2006.01 2006/0208997 Al 9/2006 Sunohara
(2006.01) 2006/0255855 Al 11/2006 Nakao
GO09G 3/34 (2006.01) 2006/0262076 Al 11/2006 Kawasaki
(52) US.CL 2007/0008252 Al 1/2007 Seki
) 2007/0109431 Al 52007 Lee
CPC ... G09G 3/3648 (2013.01); GO9G 2310/024 5007/0252798 Al 11/2007 Wu
(2013.01); GO9G 2310/027 (2013.01); GO9G 2013/0100094 Al 4/2013 Shingai et al.
2310/04 (2013.01); GO9G 2310/061 (2013.01); 2013/0249890 Al 92013  Azami
G09G 2320/0252 (2013.01); GO9G 2330/021
(2013.01); GO9G 2340/16 (2013.01) FOREIGN PATENT DOCUMENTS
. EP 1701329 A 9/2006
(56) References Cited JP 04-110994 A 4/1992
P 05-297827 A 11/1993
U.S. PATENT DOCUMENTS P 09-150003 A 6/1997
) P 10-020809 A 1/1998
6,054,974 A 4/2000 Sakai et al. P 11-095729 A 4/1999
6,392,619 Bl 5/2002 Nitta P 11-327712 A 11/1999
6,683,596 B2 1/2004 Ozawa Jp 2000-194305 A 7/2000
6,724,377 B2 4/2004 Ouchi P 2000-227608 A 8/2000
6,750,835 B2 6/2004 Azami Jp 2001-249650 A 9/2001
6,885,385 B2 4/2005 Ouchi P 2001-306014 A 11/2001
7,110,009 B2 9/2006 Ooishi P 2002-215092 A 7/2002
7,119,782 B2  10/2006 Sunohara P 2002-297094 A 10/2002
7,123,227 B2 10/2006 Azami P 3338259 A 10/2002
7,184,016 B2 2/2007 Buetal. P 2003-323147 A 11/2003
7,382,345 B2 6/2008 Hong p 2004-246325 A 9/2004
7,586,485 B2 9/2009 Teshirogi P 3593392 A 11/2004
7710375 B2 52010 Azami p 2005-173618 A 6/2005
8,446,353 B2 5/2013 Azami p 2005-326633 A 11/2005
2004/0125067 Al 7/2004 Kim et al. TP 2006-251799 A 9/2006
2005/0041488 Al 2/2005 Ito TP 2007-017647 A 1/2007
2005/0134189 Al* 6/2005 Osameetal. .............. 315/169.1 KR 2005-0012159 A 1/2005
2005/0134546 Al 6/2005 Woo KR 2006-0098135 A 9/2006
2006/0020918 Al 1/2006 Mosberger WO  WO0-2005/024774 3/2005

2006/0071892 Al 4/2006 Sakaguchi
2006/0109229 Al 5/2006 Iwabuchi * cited by examiner



U.S. Patent Oct. 27, 2015 Sheet 1 of 87 US 9,171,492 B2

FIG. 1

102
S-SP S-CLK > 103
video signal > 104

WS: RS % --------- {Bg -------- ;

WS: RS -+ 106 §

WSs RSs "g' 107 g

WSs RS: + 108 ,

101 100




U.S. Patent Oct. 27, 2015 Sheet 2 of 87 US 9,171,492 B2

FIG. 2A
SEESREEERNE COT NENRENE
|
j~thlin selected line
(+a)-th line—>}
HH HH T
B £
(7+b)-th line—s 2
T, +
FIG. 2B
102
103
104
< >
105
106
107
108
ivr Vv

100



U.S. Patent Oct. 27, 2015 Sheet 3 of 87

FIG. 3A
T THHAT
j~th line—s- ; J
(j+a)-th line f
:
(j+b)-th line —s= 2 z
FIG. 3B
102
103
104
< >
105
106
107
108
1v7 ‘v’

100

US 9,171,492 B2

selected line



U.S. Patent Oct. 27, 2015 Sheet 4 of 87 US 9,171,492 B2

FIG. 4A
JJ {
T
J—th line——>
|
(j+a)-th line—=
I
:F e i;‘ ammm= selected line
(j7+b)th line
?
[ K { L
FIG. 4B

102
103
104
105
106 ]
107
108

wvr \/

100



US 9,171,492 B2

Sheet 5 of 87

Oct. 27, 2015

U.S. Patent

;

Vv ) iviva
|

|
i ¢
i

o]
(&]
m
*

L] _|_ ds-S

M10-S

Hv"Amv"hmv“P,qv%myA«.u%oX__ow“*mv%<y_|J.N<_.<a
i " “ " “ i | “ " m m

_ | | : “ " “ m : “ "

“ “ “ m " I m : |  'SY
) [ 1 ] | | | ! ' L i

" " m m m m (. " P Sy
[ s e N e A B S
! | “ ! | m m m m “ { 'SH
! | ! : _ ! “ “ ! _ "

L ! ! ! ! ! ! ! i ! _

" “ " “ “ | " " _ | "SM
' ] 1 [ 1 [. ) | i

: I m m | | } 'S
m R | om
" | i | i L | sm
! " : " “ " |

1 \ ' " ' ' '

] “

i |

e - ..._.......-.___--__._.._,_...-_.......4\.

U S ISR I

:
=
=

.

pouad aui| | m G—H_



US 9,171,492 B2

Sheet 6 of 87

Oct. 27, 2015

U.S. Patent

] 101
J
L _
m 801 v "SH'SM
! i
m Lol N
]
" o RS
! 1
! 1
"r------mw._ ....... vl 'SHSM oLl
- _
vol | sjeudis oapia
A
m -
o M10-S dS-S ql 211 -
]! vl " oopin
LEL A
~—— 310
X170~ dS-D elLl e JUASA
W10-S dS-S - OUASH

9 OId



US 9,171,492 B2

Sheet 7 of 87

Oct. 27, 2015

U.S. Patent

pouad sul ya-[ Jo sjeusis oapIA
201 HN2UIO USALIP BUl| [eUSIS

pouad aul| y3-l jo sjeusdis oapia

pouad aul Ya—(d4l) Jo sjeusis oapia

|

v

A1O-S dS-S
'SY~!SY 'SM~'SM

6L

v

Ll

8t

gLl

Gt

ol

AT0-S

L "Old



US 9,171,492 B2

Sheet 8 of 87

Oct. 27, 2015

U.S. Patent

pouad sull Y3-I jo sjeusis oapia

00| =

poliad aul| Y3—(d+) Jo sjeusts ospia

poued aul] Y-l jo sjeusis oapiAa

'S ~1S

A10-S dS-S

d

'SM~!'SM

¥ v ¥

611 | Lb)
| bl
ozt 911

81 ﬁ

Gl

0t

dS-§ AT10-S
A10-S

8 Ol



US 9,171,492 B2

Sheet 9 of 87

Oct. 27, 2015

U.S. Patent

001 101
AT0-9 dS-D
I I
m 801 -
| Loy HESE)
| ; [
m 901 METET A ﬁl
m gol - 41! - e EEp
A 1 1'SY 'SM 143" oopIA
ol ~ s|eusis 09pIA A\_ 4
. it
€01 -
A10-S dS8-S I ~—— 10
201 gl ~———OUASA
A0~V | «——OUASH
|
6 Old




US 9,171,492 B2

Sheet 10 of 87

Oct. 27, 2015

U.S. Patent

el
.mu» pouad sul Yi-(d+[) Jo sjeusis oapIa
K7
g
m poliad aul] Yy3-f Jo sjeudis ospia
o
I | |
£ ¥ Y y_
701 < 611 LI
|eusis yoie| )
poliad aul| Y3-f Jo sjeusis ospiA e e
0¢l 9L
811 a
GLi © |
oLt
_ :
M10-V Ol Old



U.S. Patent Oct. 27, 2015 Sheet 11 of 87 US 9,171,492 B2

102
S-SP S-CLK - 103
video signals > 104
WS: RS; —— 105 i
WS: RS; ——# 106 f
] ]
] ]
WS: RSy — 107 ;
] ¢
WSs RS: —— 108 ;
T I
101 | 121] ] 122 100

7

G-SP G-CLK



U.S. Patent Oct. 27, 2015 Sheet 12 of 87 US 9,171,492 B2

FIG. 12

202

S-SP S-CLK - 203

video signals > 204
WS: RS —-——-';:""""2—0-5 --------- §
WS: RS: ——————~lli> 206 .E
WS: RSs ———"Er 207 g
WS: RS —-———-L 208

209

1 |
201 200

!

G-SP G-CLK



U.S. Patent Oct. 27, 2015 Sheet 13 of 87 US 9,171,492 B2

SF6

Ta
1 flame period
1 flame period

SF5

=
rad

time

time
Ta

uoioalip uluueas

uoi}oauIp Suluuess

FIG. 13A
FIG. 13B



US 9,171,492 B2

Sheet 14 of 87

Oct. 27, 2015

U.S. Patent

L0§ 2 49 49 49 48| |
jotubndeiubetiuber puububububututeiutel nbafetefutedebubuiutububabel sfsfabebufetatetububel Mpepubutuiuutuuied Hupupuiuiuie

90§ 3 S ST s1 s1| |
S == N == RO =S Pt =

rAR ﬂllllllohlﬂ.ltllll“lﬂu. |||||||||| m-l.l.u lllllll H ||||||| mqulllu.“
v v Al || Hqa]| o

50g 1T o ) - - 1| . Sd
PURPRISNNDIRY EpSp. - .!ll-llllﬂll.ll)lAlll - - ——— = - AN [ S |~~~ nw;

g — o p T e s oy R S s S s B
 Hon| | Hiv H 1v [v1]| Horl|

b0g LA 1T o sl HY T 1 T 1 *SY
| e e e o

ol “.n-----.mn.u..m ....... IerrrR e S e f===---

T Hu| Hova Hwl  Ha|  Hva]

e e e e
".---ﬂ.------”ﬂ ........... gy IR, mpepesey IR, ey R ,

608 o —1 1v1 1v1 1v1 1v1 VAT

€08 ) ——— e e P —F i sfeusis oopia
| atatataslieiey ‘wintntatathalathabadiniey ‘et iededatiy helind Winfuataafndadiad it Windafudasindafiadnd g whafhubadadied -

8T —T 0 440 ——— 44@ 44Q 440 f—— ds-$
" ) 1 N 1 1 ¢ A “

10§ LA T = +—A10-S

vl "Old



US 9,171,492 B2

Sheet 15 of 87

Oct. 27, 2015

U.S. Patent

£ P —
09 7 o — S e (o e L L ios o pey SEmmes e Se ﬂlld*l.ﬂ.lﬂlliﬂln*ﬂ:ﬂ.ﬂdll_m;
509 \.FJ__.\ll..\«\ uuuuuuuuuuuuuu ey R ——d-----x q----- _Wlu aa }----- EE S s I ey ISR




US 9,171,492 B2

Sheet 16 of 87

Oct. 27, 2015

U.S. Patent

FIG. 16A

301
Vi S2

304

A

x 4| T TTTTTTYTTTToTTTTTTTTS [Tt
S
5 miw .;M i%
v —1* -— - &
| " |
~
> o -- .
i

.

B
s o I
o > &

L R I e R e . ]

FIG. 16B

308

305

304

|+ 306

cccccccccccccc

Vi

Gj



US 9,171,492 B2

Sheet 17 of 87

Oct. 27, 2015

U.S. Patent

FIG. 17

Sx

S2

S1

al

402

S

r

e iR R ke Bttt |




US 9,171,492 B2

Sheet 18 of 87

Oct. 27, 2015

U.S. Patent

)
[§

/

'

A
Y

L
Vi L

A

)]

2

\ / \)( / m -

]

020v

f\ v @ 610t 31L0¥

LOoF 900Y g0y dg81 OI4

LOOY
900 €00 { 8Lop

L

N I
\\\\\\\\\\\@\\\\\\\\\
i

A
@

v
-2

i
i

7 0
A,

v8l "Old



U.S. Patent Oct. 27, 2015 Sheet 19 of 87 US 9,171,492 B2

FIG. 19A

FIG. 19B

2606 -

.

2603
2605
7777 2602
7 7%
2601 — 77 g
2604 — 2607
2609

2403



U.S. Patent

FIG. 20

Oct. 27, 2015 Sheet 20 of 87 US 9,171,492 B2

sampled video signals

oo
o
EN

"

T

- s e i ————— o - —— - - -

805

RS1 O S SEE— —
\SAL | {.//7/ 801
809 5 *LDI ° X L/z/ 807
] I — — 1
3
] ]
] 1
' WS> :
] {
‘ '
{ ]
RS, O E WS E
] ]
E MX—I L 802
' H
Sl ettt
: '
' WSs E
i ‘
: N :
RSs O— : i
] 1
X
1 ]
: L
O

next stage of memory element



US 9,171,492 B2

Sheet 21 of 87

Oct. 27, 2015

U.S. Patent

poliad aul| Y3-(d+l) Jo sjeusis oapia

pouad aull Yi~(b+f) jo sjeusis ospia

poliad sulj y3—(d4) Jo sjeusis oapiA

v

¥ v

0l =
(M10-S dS-S)
rYSY~'SY *SM~'SM

611

L1

811

91

Gl

Ot

L¢ Ol



U.S. Patent Oct. 27, 2015 Sheet 22 of 87 US 9,171,492 B2

FIG. 22

10118
10114 10116 \ 10115
\

\

V4
::-2-:»2-&1{-:':-:-'.'.:v:-'.-.‘.'.'.';':'.":i‘:i':‘:'i':i'}:2'Z~1'Z'Z-:-I~Iv:~I-:-:-Z~Z~'~Z{~'i?:t-'#'i‘l‘i‘l‘l‘i‘l'2'2'2'1'2'. L A T T T L

= \
7T N {
10106 10103 10101



U.S. Patent Oct. 27, 2015 Sheet 23 of 87 US 9,171,492 B2

FIG. 23A

10213

10212 s

10217 —

10211‘\\L

10210—

10205~ kz=Z

TR TR T

ARV g
10206 10203 10201
10202

10207

FIG. 238 e
\ \‘ 10245
10244 10246
A v \
10242 N XN A | 10243

\ /l/,,//’//”,//’/” ......................... ] l"""’""'&"t—"ﬂl‘i‘"'&“"“"""%}}}'}

A = |
10247 — / g
10241 )

! 4 | 10239
10240 — S ZZnzas] 0238
102352 T : ; et

Vo A S X 10234
/ \ A K
10236 10233 10231
10232

10237



US 9,171,492 B2

U.S. Patent Oct. 27, 2015 Sheet 24 of 87
FIG. 24A
10318
10314 10316 \q 10315
\ \, \

QLTI
AN/

5

HHNRNRRBIRLRRHnRnnY

10309

ealgs

10304
10306 10303 10301 (\
10307 10302
10348
10344 10346 10345
) S
10342
\ """ IR RN
10347— 10343
10341
Il
10340 — 10339
10349 | t0sss
10335 =
10334

10332



US 9,171,492 B2

Sheet 25 of 87

Oct. 27, 2015

U.S. Patent

NN
/

ON

N
©

2,

%

%

1NN

7

N

|

\

90101

NN

(L 2

Lovo} 7T
\\ Tl /z

nrF ///,,\ »%W/ §
WW%WWWWWWW%%%W_“ 9
A

,/
L g

MR 207 S g
N 7
4 -
S

N

sy

oL

PO L4 i 22
L AR

SIS

Wi/ et

.
/.
.
7

p/yd

Y trmrraisaiossy
2
PRI AR,

5

4 bbbkt

RSN

N NN MR @MM& /NZ
/// N

7
G

zﬁ
*— voro1

[ S0v01

€0¥01

N

G¢ Ol



U.S. Patent Oct. 27, 2015 Sheet 26 of 87 US 9,171,492 B2

«©

o

o ~

— ] "/ —
%%%%%%%%%ﬁ%%%%%%%é%%%%%%%% |

O A
1/

<

4
Wi

AN
P

10611

.
o 4

i drerm wlras;
I, VTN D I, 7

FIG. 26B

10513

10507

AR

SN

-

b/ 1// /74
A,

L L L7
i

o,

NNSNENNN

10502

FIG. 26A



U.S. Patent Oct. 27, 2015 Sheet 27 of 87 US 9,171,492 B2

’

m\
<

V. \Y

10611

FIG. 27B

4
22
R 2
2
R, /
””'%/

2y

2 4@%¢¢//

10603
10602
10601

10605

FIG. 27A



US 9,171,492 B2

Sheet 28 of 87

Oct. 27, 2015

U.S. Patent

¥010¢

9010¢

€010¢ 7

¢010¢

NN

~

LOLOC

(

G010¢

101L0¢

8¢ Old



US 9,171,492 B2

Sheet 29 of 87

Oct. 27, 2015

U.S. Patent

20211

™
£
o
<
4

<

by

0

b
&

20212

mmw €5y 5
d £ A R8s £
5 ¢ g
persriy Beccce ey



U.S

Oc
t. 27,2015

S
heet 30 of 8
7

US
9.17
M 149
M 2B

2

\\\\

N
NN
X

\\\\\\
\\\\\\\\
\\\\\\\ N
\\\\\\\\\\\\
\\\\\\\\\ N
\\\\\\\\ N
\\\\\\\\\\\\\
\\\\\\\ N
\\\\\\\

N

X
D
iR
\\\\

1!

llllll

|
i

| b

|
I

i
|

|
I‘III

!

|
|
(i

!
!|I [

X
X

|
|

|

|
NN \\\
N

\\\\\\\\\\

|
|

\\\\
\\\\\

|
|

NN
NN

1

I
lI

I
|

N

N
NN
\\\\
N
\\\\

N

N
\\\\\
N

N

|
|

i
I

III

l
l

i
|'|}|

l
|

|
l

|
|

|
|

|
|

l
I

I

{
|

|

!
!

|
|

|
|

l
I

I
I
i
T
il

N N
\\\\\\\\\\\\\\\\\\\\\\\ S
\\\\\\\\\\\\ \\\\\\\
> NN N
N R NN
N \\\\\\\ \\\\
N \\\\\\\\ _s
NN NN
\\\\\\\\\
;}\\

N

N

NN \\\\\\\\

\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\

I
Il

\\\\\\\\
N\
N NN

D

20303
20304

iy
é¢0/
%, 4 //// %7
W 27
/Q%¢¢%Z%%é%%ﬁo
A ///////////// %
///////////// #
/¢%%w¢%4/
% ///////////////
i ity 2, //// 7
///////////// 7
% //////////// “
//////////////
% //// % //// % ///// 7
///////////// 7
///////////// 47
2

20306

—

i



US 9,171,492 B2

Sheet 31 of 87

Oct. 27, 2015

U.S. Patent

20403

20402

FIG. 31A

20410

»—f .

20401

20406

20403

FIG. 31C

FIG. 31B

i - o~ ™ <t T m
/-\\\J [32] (o] ™) ™ o 1
1SHEHEHEHE !
\ N N ~N ~N ™~ 1
2 N enYanY
12| mf
I o !
ol | o !
) \__J ﬁll\"
SYP0z W
20z |
P02 |




B2
492
71,

9,1

US

of 87

Sheet 32

2015

27,

Oct.

t

ten

Pa

U. S.

o
5 Tyl
2 o
S (oY)
— o
o (V]
Lo
uw
o
\
: N
o
| | L
| | R
Te] [a] | ‘Ill
S o = mll
o re) N :ll:ll[
|
S 3 S \ N i
o ~N Ny “,:1.:
| :H‘
| % I,:l‘:l
Wy
W
N
'|| |: % i:‘.‘l
X |I|‘||1 \ ||'|,'|
||,\u \ W
I||I,‘ N ("Il‘
\ llm,l [~ 1]"1"
\mu,l . )
Nn;m{ I:”I:‘
i |
\"1:':: N |::I::|
,H | H”
Wy ll
1|'|I| "lll
o llm
«:::':: \ :::‘Il:|
| L)
ll:m’: ‘:ll:ll
N i ll:l':l
W llll
| I
\ ‘::(':: O N :‘IH::I
iy |
Il[llt[ L\ :'n:n
\ I‘:l'l' |"’]l
| ‘ll."': o
I i
dll’:l N :m:ﬁ ol
u:'n: I:I]'I E
I |
\l:th:: :."4{ Ny~ &
Iy I‘
| 4 h
I |
I:‘l|:| Q :1'1:” _a
jll,h, I"Iﬂu <+
ll:ll‘: % l:|||‘ >
( l m
i N i r
|:I|||; NN :|hl|] ] :
u:":: N |:'|:1|
i1l Il &
K ':lll:' N :m:'( -
[l | ‘_
\]I‘[l‘:| N ||I|:\ w0
(N ‘[
:Il:‘ll \ ]i:lll .1~ g
‘:II:H \ II‘I:\I
‘lll'l 'r|l‘|
N '1,u Ih H
\ :H;:ll I']:,l‘
4 (! ll ll
by ”“
\'I:II:: | I:‘(';:l
|l||l|| Ilillll L
7 | \I
\;l‘e,ll t ’hlll
il \\'l‘
)
\ ::‘I::l
I,:l,‘l
\”Hlll'
1y
N (::1,:|
\|'I"l'
o
‘|I’|,'
(A

20510 {

FIG. 32A
FIG. 32B



U.S. Patent

Oct. 27,2015 Sheet 33 of 87 US 9,171,492 B2
FIG. 33A
vohage“ 30122 t )
Vol S luminance
Vﬁ""}’ """
30124
30121 £ L
7 30123
time
FIG. 33B
30131
1 20103 |~ 30104
] 30132
30133
FIG. 33C
30131
l 30113 — 30132

30133



U.S. Patent Oct. 27, 2015 Sheet 34 of 87 US 9,171,492 B2

FIG. 34A

0204
f3

X 50201 30203
% — b

30205
M

FIG. 34B
30215  |r30214
T 3021130713 s RE
30216% T_'—I?:L + Ly
3021\7\\ 30212/ T T T T
R R R
H e e
I I L €I
R T R
t— Lo ‘—'—‘;L_‘—l e
I 1 L T L




U.S. Patent Oct. 27, 2015 Sheet 35 of 87 US 9,171,492 B2

FIG. 35A

30301

30302-1
30302-2

0
%30.302—N

FIG. 35B

] 30312-N

FIG. 35C
luminance
A

30302-1 Im

30302-2 1 —

30302-3 —1 I —

30302-4 F—  —
30302-(N-2) —— e
30302-(N-1) pb—--- —

30302-N —— e




U.S. Patent Oct. 27, 2015 Sheet 36 of 87 US 9,171,492 B2

FIG. 36A oros

S — o

] ]

| L |

40104 "1 40101 |

:0—— —-— :

| |

40100 ™\ Lo
|| 40102~ X U 40103

| |

] |

| !

: ) ||

T

40106 40107
G. 36B 40115

S

| |

11 :

40114 w0111 |

{ !

A L1

40110 N\ Lo
L0112 X 0 40113

| |

! |

| |

| !

l ————

o=




U.S. Patent Oct. 27, 2015 Sheet 37 of 87 US 9,171,492 B2

FIG. 37
40205

r—~——-§3 ————————————— .
{ i

| I 40203 |

| S l

]

40201 - ) |
=

40200 _i !
|| 40202 /\\/Eg !

} |

| |

N e G ]

—_ N e —— — — —— ] F——14

;r ‘[ 40%13 rlL
40211 : g T I |—-

40210 /\/:
40212 /\/%

i I ifZ; _______ B




US 9,171,492 B2

Sheet 38 of 87
40305

40303

40301
40302 "~ ?S

40307
40317

Oct. 27, 2015

FIG. 38

U.S. Patent




U.S. Patent Oct. 27, 2015 Sheet 39 of 87 US 9,171,492 B2

FIG. 39A

50103 50105 50101 50100
V22222224 )

R

50104 50106 50102

FIG. 39B

50103 50105 50101 50100

. L i .

50104 50106 50102



U.S. Patent Oct. 27, 2015 Sheet 40 of 87 US 9,171,492 B2

FIG. 40A FIG. 40B

50203 50205 50201 50200 50203 50205 50201 50200
V/gﬂﬂ ) R
= 00 O
77777 __
50204 50206 50202 50204 50206 50202

FIG. 40C FIG. 40D

90213 50215 50211 50210 50213 50215 50211 50210

R R R R R R R R R

I LA A RSN L O AV 74 T A

B e Ll il A
o

ANTANS

Q% &t50217\/ O O
AN %0“00

Ll [////’[[/77//” M’ ILISSIISISY.

\\\\\\\\\ \\\\\ \\\
LIS A IS IS LIS /1’//// Ll /////////I//////

L LT '////////M//I///l
R ST B K A AT
[ g R i,

V-..-_l
AL AR 057005,

50214 50216 50218 50212 50214 50216 50218 50212



U.S. Patent

Oct. 27, 2015

FIG. 41A

50303

50305 50301 50300

g

90304

V777,

50306

FIG. 41C

90313

90315 50311 50310

g )
P

(-
-

50314

50316 50312

50302

Sheet 41 of 87

US 9,171,492 B2

1

FIG. 41B
50303 50305 50301 50300
8 )
OO
Q
Z7272772)
50304 50306 50302
FIG. 41D
50313 50315 50311 50310

L

)
O

50314

50316 50312



U.S. Patent Oct. 27, 2015

50403 50401 50400
m\\\\\\\w
[
[
S
B m

[ i ! ! |

50404 50406 50405 50402

FIG. 42C
50413 50411 50410
oS/
S O
S OO
0 )
50417 S
; ] ]

74 2

50414 50416 50412 50415

Sheet 42 of 87

50403 50401 50400
/
o
o
o

50404 50406 50405 50402

FIG. 42D
50413 50411 50410
o o |/
o o
o o
50417 LA L
L e

50414 50416 50412 50415

US 9,171,492 B2



U.S. Patent Oct. 27, 2015 Sheet 43 of 87 US 9,171,492 B2

FIG. 43

7 7. A1/ 1]111117447177747747447777 7777774477,

7 . 50501

N

%
50503

Y,

% 7
ég./ 50502¢
;,/ 50502b
. —— 50502a

LR L AR .

7%
A i



US 9,171,492 B2

Sheet 44 of 87

Oct. 27, 2015

U.S. Patent

FIG. 44B

FIG. 44A

50612

50611

50602

50601

/
\

3
o

N

RIS SN

NN
S N s

AN

Am%%%%%%%%%%%

SUNNNNN
e S i S

M
%%%%%%%%%%%%V 4%%%%%%%%

N —

%%%%%%%%%%%%

=
Z////////l

> A

. 44D

FIG

44C

FIG.

20632

90631

50622

50621

w§”§§\§§§§§§

N

%
\ .

AR

NN

SN

7 VL2 i 2 e a2 i,

| 7

eesssssss===w],
7 7
7 Ng 7
n .
&&ﬂw\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/ .
| [“
. 7
m—m ;

AN e i Gl

IONINN

NS

NN

N

NN

W




US 9,171,492 B2

Sheet 45 of 87

Oct. 27, 2015

U.S. Patent

FIG. 45B

FIG. 45A

A

-

o
. //////2
-

i
/

7
.

7%

2 )
.

7

7

ZZ

)
_

i

50712
77 7
/4’/// %

7

5/

/
o

/1

i
i

.

Z
a1
n
it

%

//
<
s

50711

%

s
.

7
/94/;%%£%"> ;

e
4
my

50702

50701

FIG. 45D

FIG. 45C

Y
T AR MIREATEAAGEA AR
I A RN T

50731

R RN NSNS
MMM AT I TSGR RS
AN SR SR R
T T SRR
AR N NNt SNSRI

20732
7

A Y
W////A%//////////A7///%,////%,/%%%/%%My/%ﬂ%%%y/%/////ﬁ////lﬁw,%%%ﬁ//ﬂ%
N S A A NN
A T ] T T T T .
A N s N NN ARl RN
R R R R R R N RN
A R Y

ATINH NNl R AR RN Y
R N N RN
1101
eSS s sxXY™YY>S>> N

Y
7

50721

MRRRNNRRRANN

4

o p

50722




U.S. Patent Oct. 27, 2015 Sheet 46 of 87 US 9,171,492 B2

FIG. 46A
60107 ésom
60106
R
- . %3 60108
60105 |\ N
el
1 ik

A T

LN
60117\§_7\\\ %
\§\\ M§

] semiconductor layer
5 gate metal
wiring

FIG.




U.S. Patent Oct. 27, 2015 Sheet 47 of 87 US 9,171,492 B2

FIG. 47A

60201 60204

{60206
7

FIG. 4/B

60211 60213 60212 (20214 ?0211 60213 60211




U.S. Patent Oct. 27, 2015 Sheet 48 of 87 US 9,171,492 B2

FIG. 48A

60301 60311

60312

&

60304 e iNiEmed N

ix
\s\% S
SEQININ IS

I
R .’l o bt
B ;e;n;lrcon uetor B2 gate metal N wiring [ T[] pixel electrode

FIG. 48B

00321 60301 (" go323 y

Y } \
9% eodoy 80312,

X——r—r— e e— e



U.S. Patent

Oct. 27, 2015

Sheet 49 of 87

o
&

<

i

>

flame per

X

¥

Taz

IG. 49A

sz
s

[

jﬁuﬂuﬂuﬂﬁpﬂ t e

TOW

Y

P
ey

;

fr

Y

#

Vs -

£

n-th row

1G. 498

P
s

US 9,171,492 B2




U.S. Patent Oct. 27, 2015 Sheet 50 of 87 US 9,171,492 B2

e s avaas sivaes sovaas o saans vawews s

yng

13

|

&
P

oun



U.S. Patent Oct. 27, 2015 Sheet 51 of 87 US 9,171,492 B2

FIG. 51

80305 80307 80300

(///80307
80306 {//
r:;I;: 80303

|
S S A
[ —— 80302
. —9
80304
AN




U.S. Patent Oct. 27, 2015 Sheet 52 of 87 US 9,171,492 B2

FIG. 52
80400
80405 80407
80409 et

80410 a<

80406

80401 r/)////// 80403
_—

— 80402
—¢

80404

80408—1—




U.S. Patent Oct. 27, 2015 Sheet 53 of 87 US 9,171,492 B2

FIG. 33
80505 80507 /\;0500
80510 . *
80506
1|~ 80509
80501 //./ 80503
3 I
LY
/’L,{ 80502
80504 |

80508 —L



U.S. Patent Oct. 27, 2015 Sheet 54 of 87 US 9,171,492 B2

80611 80604 80612
80613
80601 ™\ 80605
80602 | T~
™ 80600
— 80603

80620

80621 —
80614
80615




U.S. Patent Oct. 27, 2015 Sheet 55 of 87 US 9,171,492 B2

FIG. 55
80711 80712
80713
80714 ,
H/\ 80704

80702 —

. — 80700
80701 ~° ?

80703

80730 71 T

80731 |
80715 ——




U.S. Patent Oct. 27, 2015 Sheet 56 of 87 US 9,171,492 B2

0105 110106
110123

FIG. 56A 10117 110117 110117
1

110101 110102

110119

110118

110116- , SR = RS

o1 ¥ e o
(ﬁ’?}ﬁ%ﬁ/fﬁm 10114 /Sl/16?114 11(1) 11%

110117 110143 1101 11010
110117 1 {fo117

FIG. 56B

o S A o @- o g

1101117

FIG. 56C

110112~

110111"

FIG. 56D

o1 1 T —— G ] — ~y7T 19

110111 K /1tot4 /110114 110114
10113 Y40113 110113 110113 110113 110113

FIG. 56E

N e ——, e e e T e

o122 T / [ Nyl T R

10N 7 r M 1o11a / vi0114 7/ 110114
10113 340113 110113 110113 110113 110113

FIG. 56F 110117 T1OT. o 110122

110116~emis = /. Sy, 7. N
A

I —_ .
4 110114 10114
/\/111011011315 P({ H 110115 11 11:}]5 /110115

1 ' 110114 14 X110114 110114 4
{{"’”3 //”?%135 /[W‘O 5 [}/0“5 /{10113 /110?161%13’

0 0113
10117 0117103100 B 110113 11011410 300




US 9,171,492 B2

Sheet 57 of 87

Oct. 27, 2015

U.S. Patent

202011 GOZOLL OLZ0LL  1ozoLL ¥OZOLL  LOZOLL 80z0LL  90Z0LL £020LL
[ / / w [ / 4 / [
B S e W W e s e
IS\ IR st 7. M
N A “ T S aS\\ e
_ Ny " _ NN "
| RN ” " . X ] !
................ e w

) 12011
122011 60¢011 022011  L12OLtL
LG Ol4



US 9,171,492 B2

Sheet 58 of 87

Oct. 27, 2015

U.S. Patent

1001 ¥0€0} |

GOEOI!

90€011

80€0t1

¢0€011}

€oeotLt

LOEOL]

—— S —

N ,///W»MO///////% — r
//// RN \ 0

s \\\

.............. S

12€011 LIEQLL

01E0L1

0ce0lt

60€01L1




US 9,171,492 B2

Sheet 59 of 87

Oct. 27, 2015

U.S. Patent

LOYOL L ¥Ov01 1 S0¥0LL z0p011 govolL 90VOLL  €0vOLL LOVOLL

m ( / / / [/ /
S—— SN NP S p——— —

NN/ AN/
- @W/ /\/// ///%\\\\\\ ) %w . %W y
W G = | §

Wi

LZ¥OLL LIvOL) 0L¥OLL  21V0LL  0ZVOLL 60¥01 1

6G Old



US 9,171,492 B2

Sheet 60 of 87

Oct. 27, 2015

U.S. Patent

£0s0t1

LOGOLL $0G011 NOmOF l NNmO— ] 906011 606011 womo— l 606011
NomoZ
‘ [ / / ! [ /
S ——— W ........ R s S
NN I 77N\ SR
| - |
N ﬁ _
! “ \ \\ |
Wi /R ni4 m
........ WA V m
126011 / 016011
16011 FIGOLL ¢1G01L1 025011
09 OId



U.S. Patent Oct. 27, 2015 Sheet 61 of 87 US 9,171,492 B2

§Q§\
Tt NWMW\\ 120103
o
WNMWWWWWWWMMWWMWH ”
RN 120102
FIG. 61B 120190
)
‘ T 120103
e
| |
|MNMMWW¢MPwMWMHl MW
R 120102
\ AN
120104 120100
l Hl NS 120103
1llllf:|;|:|ll :I'm:ﬂ HWH l=|:lll||‘||| ||,n|:,l ] 'HI' n,{,:;: I~ 120106
‘WWWWMWhW%M'WNMMWMM
MMWMWHhmHlHH i 120102
AN N\ 120105

120100



U.S. Patent

Oct. 27, 2015 Sheet 62 of 87 US 9,171,492 B2

FIG. 62A

120203
120202
120201

120200

FIG. 62B

120203

T
WM il th

I (I i
| m%.ﬂl” lmﬂx\120202
120201

\ AN
120204 ~ 120200

FIG. 62C

i 120203
’ 120206

ezl il
| 1 TN
Tk i i 120202
il <§L\120201
NN 120205

\ 120200




US 9,171,492 B2

Sheet 63 of 87

Oct. 27, 2015

U.S. Patent

FIG. 63A

130100

130101

130104

FIG. 63B

130101

o
—
-
(o}
(32
—

130102

130111



U.S. Patent Oct. 27, 2015 Sheet 64 of 87 US 9,171,492 B2

FIG. 64

130200

130111

130201



U.S. Patent Oct. 27, 2015 Sheet 65 of 87 US 9,171,492 B2

FIG. 65

130310
130307 {30308 130309
130306 130306

130111\\\\ N\

[ — —po

N

|

130308

130302

130301 130303 130304 130306

130305 130305



U.S. Patent Oct. 27, 2015 Sheet 66 of 87 US 9,171,492 B2
130410 |
130111
130402
\
130406 \\\
130409
130400 130403 130401 130301



U.S. Patent

Oct. 27,2015 Sheet 67 of 87 US 9,171,492 B2

FIG. 67A

FIG. 67B

FIG. 67C

130511

et e, e ———-—

ey
/ \
) 130504 130507
130301
130512
———————— -
130508
130513

130509

130506 \\Tg

- - - ]
i U
N\
Y _ - -]

130301 130502

| :"
30501\\ \\‘3 f

7
130503



U.S. Patent

Oct. 27, 2015 Sheet 68 of 87 US 9,171,492 B2
FIG. 68
180104 1 80{03 180100
C
Gj ~~S1 ™ S2 I~_8S3 ~_ Sn
| E T T i ------ Tr—180102
(}2 +_ It lf /ﬂ\/
; 7 7 T """" —T——g—
G; | lr H ot Hl
) [0 I e ey e e
H |4 o ;
. ] i X ' ; 180101
L | : : /\/
Gm g ! ! ! 1 g
.: I Y T ------ _T—_§_
N o = > i




US 9,171,492 B2

Sheet 69 of 87

Oct. 27, 2015

U.S. Patent

poiiad swey |

- - - -

Yy

1
1
1
d

— —-pojoajas

J0U

MOJ Y}-W
93109|9s

WEFLETEER

I
|
i
1
1
(
(
1
|
1
'
I
1
L
1
i
]
I
|

||||||||| +—Pa309)|os

10U

MO Y3~ | +1)
llllllllllllllll pa3109|8s

10U

: MOJ Y31

A e — b pa1o8|ss

poldad uonosjes—-uou

i
poued uoios|es a3esd |

MOJ 35|

/_lltmuoo_omluoc
} ——-pajo9jes

69 Old



US 9,171,492 B2

Sheet 70 of 87

Oct. 27, 2015

U.S. Patent

'
|
'
1
I
]

- owel} | !
”rllllvo_\_ma sweyqgns pug X pouiad aweygns uwvlllvm
—_—ie — ” ||||| . _ L EALETECR 1T
_ | _ " | " MO Yi=(|+])
-— ,_ L— ! —_ ————— pe108|8s
- : I : pe109]as j0uU
|_ Ik T Mmoa y3-|
— L =J I S R — po109j9s
| BN T i
| \ S~ S~ I
| . S~ . 1
t ' ~. ~. (
) ,V /,/ /4/ "
|u+|| Y o Sy “ p3303|as Jou
_ | _ | | | MO Ya—( | +1)
“ —d _,. (R U E (R pa3o9)as
: e e e e . ————-- — _ pajoalas jou
_ _ _ MOJ Y31
L _ _d L— Lo pa109|as
_ ! : ~a—POlIad UOI3OB|9S—UOU—igm ” !
_ _ “ — et}
pouied ajedqns is| > - n , : J/\/nocwa ayesqns 1s|
e i~ _ ”
poliad a3edgns pug poliad uonosjas ajes | poliad ucnos|as ajed | pouad ajedqgns pug

0L Old



U.S. Patent Oct. 27, 2015 Sheet 71 of 87 US 9,171,492 B2

FIG. 71A

180400

FIG. 71B

180400 180400

180411 180412 180413 180414

time



U.S. Patent Oct. 27, 2015 Sheet 72 of 87 US 9,171,492 B2
FIG. 72A 192102 FIG. 72B 190102
190105 [ N 190104 Ay \\é}wmm
190106 190105 { &
1190103 . 190103
190101 190101
FIG. 72C 190102 FIG. 72D 190102
1190104 190705h NN 190104
190107 190106 190106
190105 190103+ 190108 Z >190103
190101 190101
FIG. 72E 180102
190109 (&
190106
> 190103




U.S. Patent Oct. 27, 2015 Sheet 73 of 87 US 9,171,492 B2

FIG. 73

190265 i
~_

N—}

190277m T

SN T

190264 | Q )902771' 190263
190277k

190275
190274 @
190277i ! \\

190261

m—t
[{e]
()
N
(=]
(=]
—
[de]
o
N
~J
()
7
——h
[{e]
o
N
.\'
~J
Q.

190277¢

190266 \ : /- 190277
19026 ) 190272
190277b " 190277a

190262




U.S. Patent Oct. 27, 2015 Sheet 74 of 87 US 9,171,492 B2
FIG. 74
190391 190386
e % /.

. ' >< ' 190388
==SSCCSSSSSIISSIosooISgsIood 190387
T T T T N 0390 ‘jé““

190381a 190382 190389
190381b 190380 190383
P .
190381c [%é/i @
r(_)\f\190384
V. s s e PPN ID
190392
M\ N
r et
chr
e ) e
190385a () 190385¢
190385b



U.S. Patent Oct. 27, 2015 Sheet 75 of 87

FIG. 75




U.S. Patent Oct. 27, 2015 Sheet 76 of 87 US 9,171,492 B2
FIG. 76
900210 900202 900203
900212
900213
900204
o
o
§§ 900201
D
900205 900206 -————————-{:I:]900207
900208

900209




7
1
1G.

F

1
0
3
900

2

0

3

0

0

9




U.S. Patent Oct. 27, 2015 Sheet 78 of 87 US 9,171,492 B2

FIG. 78A

900412 900404

} 90}0_401

900415~

900402
——]
90041
900401
FIG. 78B e
—
[{=
o
900410 S 900403
(@]
(=2}
900407 |—t»
) | ]
> 900405 |
. 900408
900426 o - 900420 |«— 900421
900427 -~ = - i
ANk
oS || S |e—e] 900422
900425 & = ;
900428 ,
TiJ B 000423 == 900424
200412 = -
4 A [}
900416| |900417] | 900418
900409




U.S. Patent Oct. 27, 2015 Sheet 79 of 87 US 9,171,492 B2

900539

900513

900501
900536 @Awomo
900532

900534

NS 900531

900533

900537

900539



U.S. Patent Oct. 27, 2015 Sheet 80 of 87 US 9,171,492 B2

FIG. 80

900603

900606
900608

900602
900607

900609

900603

900604
900605

900610

/ 900601

900600



U.S. Patent Oct. 27, 2015 Sheet 81 of 87 US 9,171,492 B2

FIG. 81A FIG. 81B

900713 900721

e~ 900726 900723

900711 .\
900712

900722

FIG. 81C 900724

FIG. 81D

900743

90073

900736 4| 900745

900735
900744

FIG. 81E
900753 FIG. 81F

900752 900764

e

G

900773

800775



US 9,171,492 B2

Sheet 82 of 87

Oct. 27, 2015

U.S. Patent

FIG. 82

900811

:,4:....;.3...?.,...«@
TSR
R R R R R N

T TR
R R RIS

N,
R RRLRIE

900810

900812




FIG. 83

U.S. Patent Oct. 27, 2015 Sheet 83 of 87 US 9,171,492 B2
900901

:
&=/

\..
/ 900902




U.S. Patent Oct. 27, 2015 Sheet 84 of 87 US 9,171,492 B2

FIG. 84

901002 901002

901001

901002

g

901001
IR

901001

901003



U.S. Patent Oct. 27, 2015 Sheet 85 of 87 US 9,171,492 B2

FIG. 85

901101

/

901102




U.S. Patent Oct. 27, 2015 Sheet 86 of 87 US 9,171,492 B2

FIG. 86A sot201

01202 901202

/
L 4

Y

[ =]

T

—
|

l

Sl |
)

FIG. 86B
901204
Z =
01200 L 22 2 Z ) 901202
T A 901203_ e
’Jh < ™ E [T~
] 2 |
901202’%% N %;r\ 901202
901201} N/ T"— 901201
L/ / / \ U




U.S. Patent Oct. 27, 2015 Sheet 87 of 87 US 9,171,492 B2

FIG. 87A

Y

901301
l ’ 901303

\ 901302

FIG. 8/B

Y

901301
901303
901302
C X )




US 9,171,492 B2

1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/972,159, filed Jan. 10, 2008, now allowed, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2007-004106 on Jan. 12, 2007, both of
which are incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an active matrix display
device in which input of a video signal to a pixel can be
controlled by a driver circuit.

2. Description of the Related Art

In an active matrix display device, a switching element and
a display element are provided in each of hundreds of thou-
sand to millions of pixels arranged in matrix. Since applica-
tion of voltage or supply of current to the display element is
held to some extent by the switching element after a video
signal is input to the pixel, the active matrix display device
can be flexible on enlargement and high definition of a panel
and has become the mainstream of future display devices.

There are a scan line driver circuit and a signal line driver
circuit as typical examples of a driver circuit included in the
display device. A plurality of pixels in one line or a plurality
of'lines are selected at one time by a scan line driver circuit. In
addition, input of video signals to the pixels included in the
selected line is controlled by a signal line driver circuit.

These scan line driver circuit and signal line driver circuit
need driving at high frequency. In particular, while pixels of
respective lines are selected by the scan line driver circuit, the
signal line driver circuit needs to input video signals to all the
pixels in the lines. Thus, driving frequency of the signal line
driver circuit is extremely higher than that of the scan line
driver circuit. For example, in the case of a VGA active matrix
display device, driving frequency of a signal line driver circuit
generally needs to be approximately 25 MHz. Further, in
recent years, the number of pixels in one line of an active
matrix display device has been increased because an image
with higher definition, higher resolution and more gray-
scales is displayed. Therefore, the signal line driver circuit
needs driving athigher speed, and there has been a problem in
that power consumption is high due to high driving frequency.

In view of the foregoing problem, Reference 1 (Japanese
Patent No. 3338259) discloses a liquid crystal display device
in which pieces of display data corresponding to adjacent two
scan lines are compared with each other and transmission of
the pieces of display data to the signal line driver circuit is not
performed when the pieces of display data correspond to each
other in order to suppress power consumption of a signal line
driver circuit.

Further, Reference 2 (Japanese Patent No. 3593392) dis-
closes a liquid crystal display device in which a wiring
between a control IC and a signal line driver circuit is made
shorter by providing the control IC so that output pins to the
signal line driver circuit are close to the signal line driver
circuit, so that power consumption due to wiring capacitance
is suppressed.

SUMMARY OF THE INVENTION

It is naturally expected that lines where pieces of data
correspond to each other exist discontinuously when an
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image is actually displayed. However, only comparison of
pieces of data corresponding to adjacent lines can be per-
formed by using the technique disclosed in Reference 1.
Therefore, even when pieces of data of input video signals
correspond to each other in a plurality of lines, input of video
signals to a signal line driver circuit cannot be omitted when
there is even only one line corresponding to another data
among the plurality of lines.

In addition, there is a natural possibility that a plurality of
groups of a plurality of lines corresponding to the same data
exist such that a group of a plurality of lines having the same
data and a group of a plurality of lines having another data
exist. In this case, since only comparison of pieces of data
corresponding to adjacent lines can be performed by using the
technique disclosed in Reference 1, input of video signals to
a signal line driver circuit cannot be omitted.

Thus, there is a problem in that power consumption of a
signal line driver circuit and power consumption of the entire
display device cannot efficiently suppressed even when the
technique disclosed in Reference 1 is used.

In addition, there is also a problem in that there is limitation
on reduction in power consumption of the entire display
device by just devising leading of wirings as disclosed in
Reference 2.

In view of the foregoing problems, it is an object of the
present invention to provide an active matrix display device in
which power consumption of a signal line driver circuit can be
suppressed, so that power consumption of the entire appli-
ance can be suppressed.

In a display device of the present invention, a plurality of
memory circuits which can write data of a video signal input
to a pixel in one line period and can hold the data are provided
in a driver circuit. The memory circuit includes a plurality of
memory elements and holds data input to pixels for one line in
the plurality of memory elements. Then, the data stored in
each memory circuit is input to pixels in a corresponding line
as a video signals. Since the display device of the present
invention includes two or more memory circuits in the driver
circuit, pieces of data of video signals corresponding to two or
more line periods which appear discontinuously can be con-
currently held in the memory circuits. Note that a line period
corresponds to a period during which pixels of each line are
selected by a scan line driver circuit and signals are input to
the selected pixel.

The display device of the present invention includes a
memory which can store data of video signals corresponding
to a plurality of line periods or a plurality of frame periods,
and a data comparison portion which reads data of video
signals corresponding to respective line periods from the
memory and compares the data with data of video signals
corresponding to other line periods.

Then, the data comparison portion controls writing and
holding of data in each memory circuit in accordance with the
comparison result. Specifically, by comparing the pieces of
data of the video signals corresponding to respective line
periods, the data comparison portion extracts a plurality of
line periods in which pieces of data correspond to each other.
Then, after the data comparison portion writes the corre-
sponding data to the memory circuits, the data comparison
portion makes the memory circuits hold the data without
being rewritten until the video signals having the data are
input to the pixels in all the extracted line periods. Further,
when input of the video signals in all the extracted line peri-
ods is completed, the data comparison portion can rewrite the
data stored in the memory circuits into another data.

Note that as the display device of the present invention, an
active matrix display device such as a liquid crystal display
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device, a light-emitting device provided with a light-emitting
element typified by an organic light-emitting element
(OLED) in each pixel, a DMD (digital micromirror device), a
PDP (plasma display panel), or an FED (field emission dis-
play) is included in its category. In addition, a passive matrix
display device is included in its category.

Various types of switches can be used as a switch shown in
this document. An electrical switch, a mechanical switch, and
the like are given as examples. That is, any element can be
used as long as it can control a current flow, without limiting
to a certain element. For example, a transistor (e.g., a bipolar
transistor or a MOS transistor), a diode (e.g., a PN diode, a
PIN diode, a Schottky diode, an MIM (metal insulator metal)
diode, an MIS (metal insulator semiconductor) diode, or a
diode-connected transistor), a thyristor, or the like can be
used as a switch. Alternatively, a logic circuit combining such
elements can be used as a switch.

In the case of using a transistor as a switch, polarity (a
conductivity type) of the transistor is not particularly limited
because it operates just as a switch. However, a transistor of
polarity with smaller off-current is preferably used when
off-current is to be suppressed. A transistor provided with an
LDD region, a transistor with a multi-gate structure, and the
like are given as examples of a transistor with smaller oft-
current. In addition, it is preferable that an N-channel transis-
tor be used when a potential of a source terminal is closer to
a potential of a low-potential-side power supply (e.g., V.,
GND, or 0 V), while a P-channel transistor be used when the
potential of the source terminal is closer to a potential of a
high-potential-side power supply (e.g., V). This is because
the absolute value of gate-source voltage can be increased
when the potential of the source terminal is closer to a poten-
tial of a low-potential-side power supply in an N-channel
transistor and when the potential of the source terminal is
closer to a potential of a high-potential-side power supply in
a P-channel transistor. This is also because the transistor does
not often perform a source follower operation, so that reduc-
tion in output voltage does not often occur.

Note that a CMOS switch using both N-channel and
P-channel transistors may be used. By using a CMOS switch,
the switch can easily operate as a switch because current can
flow when the P-channel transistor or the N-channel transistor
is turned on. For example, voltage can be appropriately output
regardless of whether voltage of an input signal of the switch
is high or low. In addition, since a voltage amplitude value of
a signal for turning on or off the switch can be made small,
power consumption can be reduced.

When a transistor is used as a switch, the switch includes an
input terminal (one of a source terminal and a drain terminal),
an output terminal (the other of the source terminal and the
drain terminal), and a terminal for controlling electrical con-
duction (a gate terminal). On the other hand, when a diode is
used as a switch, the switch does not have a terminal for
controlling electrical conduction in some cases. Therefore,
when a diode is used as a switch, the number of wirings for
controlling terminals can be more reduced than the case of
using a transistor as a switch.

In this document, when it is described that “A and B are
connected”, the case where A and B are electrically con-
nected, the case where A and B are functionally connected,
and the case where A and B are directly connected are
included therein. Here, each of A and B corresponds to an
object (e.g., a device, an element, a circuit, a wiring, an
electrode, a terminal, a conductive film, or a layer). Accord-
ingly, in structures disclosed in this document, another ele-
ment may be interposed between elements having a connec-
tion relation shown in drawings and texts, without limiting to
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a predetermined connection relation, for example, the con-
nection relation shown in the drawings and the texts.

For example, in the case where A and B are electrically
connected, one or more elements which enable electrical
connection of A and B (e.g., a switch, a transistor, a capacitor,
an inductor, a resistor, and/or a diode) may be provided
between A and B. In addition, in the case where A and B are
functionally connected, one or more circuits which enable
functional connection of A and B (e.g., a logic circuit such as
an inverter, a NAND circuit, or a NOR circuit, a signal con-
verter circuit such as a DA converter circuit, an AD converter
circuit, or a gamma correction circuit, a potential level con-
verter circuit such as a power supply circuit (e.g., a boosting
circuit or a voltage lower control circuit) or a level shifter
circuit for changing a potential level of a signal, a voltage
source, a current source, a switching circuit, or an amplifier
circuit such as a circuit which can increase signal amplitude,
the amount of current, or the like (e.g., an operational ampli-
fier, a differential amplifier circuit, a source follower circuit,
or a buffer circuit), a signal generating circuit, a memory
circuit, and/or a control circuit) may be provided between A
and B. Alternatively, in the case where A and B are directly
connected, A and B may be directly connected without inter-
posing another element or another circuit therebetween.

When it is described that “A and B are directly connected”,
the case where A and B are directly connected (i.e., the case
where A and B are connected without interposing another
element or another circuit therebetween) and the case where
A and B are electrically connected (i.e., the case where A and
B are connected by interposing another element or another
circuit therebetween) are included therein.

When it is described that “A and B are electrically con-
nected”, the case where A and B are electrically connected
(i.e., the case where A and B are connected by interposing
another element or another circuit therebetween), the case
where A and B are functionally connected (i.e., the case
where A and B are functionally connected by interposing
another circuit therebetween), and the case where A and B are
directly connected (i.e., the case where A and B are connected
without interposing another element or another circuit ther-
ebetween) are included therein. That is, when it is described
that “A and B are electrically connected”, the description is
the same as the case where it is explicitly only described that
“A and B are connected”.

A display element, a display device which is a device
having a display element, a light-emitting element, and a
light-emitting device which is a device having a light-emit-
ting element can use various types and can include various
elements. For example, as a display element, a display device,
a light-emitting element, and a light-emitting device, whose a
display medium, contrast, luminance, reflectivity, transitivity,
or the like changes by an electromagnetic action, such as an
EL element (e.g., an EL element including organic and inor-
ganic materials, an organic EL element, or an inorganic EL
element), an electron emitter, a liquid crystal element, elec-
tronic ink, an electrophoresis element, a grating light valve
(GLV), a plasma display panel (PDP), a digital micromirror
device (DMD), a piezoelectric ceramic display, or a carbon
nanotube can be used. Note that display devices using an ELL
element include an EL display; display devices using an
electron emitter include a field emission display (FED), an
SED-type flat panel display (SED: Surface-conduction Elec-
tron-emitter Display), and the like; display devices using a
liquid crystal element include a liquid crystal display (e.g., a
transmissive liquid crystal display, a semi-transmissive liquid
crystal display, a reflective liquid crystal display, a direct-
view liquid crystal display, or a projection liquid crystal dis-



US 9,171,492 B2

5

play); and display devices using electronic ink or an electro-
phoresis element include electronic paper.

By using a catalyst (e.g., nickel) in the case of forming
microcrystalline silicon, crystallinity can be further improved
and a transistor having excellent electric characteristics can
be formed. At this time, crystallinity can be improved by
performing heat treatment without using a laser. Accordingly,
a gate driver circuit (e.g., a scan line driver circuit) and part of
a source driver circuit (e.g., an analog switch) can be formed
over the same substrate. In addition, in the case of not using a
laser for crystallization, crystallinity unevenness of silicon
can be suppressed. Therefore, an image having high quality
can be displayed.

Note that polycrystalline silicon and microcrystalline sili-
con can be formed without using a catalyst (e.g., nickel).

A transistor can be formed by using a semiconductor sub-
strate, an SOI substrate, or the like. Thus, a transistor with few
variations in characteristics, sizes, shapes, or the like, with
high current supply capacity, and with a small size can be
formed. By using such a transistor, power consumption of a
circuit can be reduced or a circuit can be highly integrated.

A transistor including a compound semiconductor or an
oxide semiconductor such as ZnQO, a-InGaZnO, SiGe, GaAs,
170, ITO, or SnO, a thin film transistor obtained by thinning
such a compound semiconductor or a oxide semiconductor,
or the like can be used. Thus, manufacturing temperature can
be lowered and for example, such a transistor can be formed
at room temperature. Accordingly, the transistor can be
formed directly on a substrate having low heat resistance such
as a plastic substrate or a film substrate. Note that such a
compound semiconductor or an oxide semiconductor can be
used for not only a channel portion of the transistor but also
other applications. For example, such a compound semicon-
ductor or an oxide semiconductor can be used as a resistor, a
pixel electrode, or a light-transmitting electrode. Further,
since such an element can be formed at the same time as the
transistor, cost can be reduced.

A transistor formed by using an inkjet method or a printing
method, or the like can be used. Accordingly, a transistor can
be formed at room temperature, can be formed at a low
vacuum, or can be formed using a large substrate. In addition,
since the transistor can be formed without using a mask (a
reticle), a layout of the transistor can be easily changed.
Further, since it is not necessary to use a resist, material cost
is reduced and the number of steps can be reduced. Further-
more, since a film is formed only in a necessary portion, a
material is not wasted compared with a manufacturing
method in which etching is performed after the film is formed
over the entire surface, so that cost can be reduced.

A transistor including an organic semiconductor or a car-
bon nanotube, or the like can be used. Accordingly, such a
transistor can be formed using a substrate which can be bent.
Therefore, a device using a transistor including an organic
semiconductor or a carbon nanotube, or the like can resist a
shock.

Further, transistors with various structures can be used. For
example, a MOS transistor, a junction transistor, a bipolar
transistor, or the like can be used as a transistor described in
this document. By using a MOS transistor, the size of the
transistor can be reduced. Thus, a large number of transistors
can be mounted. By using a bipolar transistor, large current
can flow. Thus, a circuit can be operated at high speed.

Note that a MOS transistor, a bipolar transistor, and the like
may be formed over one substrate. Thus, reduction in power
consumption, reduction in size, high speed operation, and the
like can be realized.

Furthermore, various transistors can be used.
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A transistor can be formed using various types of sub-
strates. The type of a substrate where a transistor is formed is
not limited to a certain type. For example, a single crystalline
substrate, an SOI substrate, a glass substrate, a quartz sub-
strate, a plastic substrate, a paper substrate, a cellophane
substrate, a stone substrate, a wood substrate, a cloth substrate
(including a natural fiber (e.g., silk, cotton, or hemp), a syn-
thetic fiber (e.g., nylon, polyurethane, or polyester), a regen-
erated fiber (e.g., acetate, cupra, rayon, or regenerated poly-
ester), or the like), a leather substrate, a rubber substrate, a
stainless steel substrate, a substrate including a stainless steel
foil, or the like can be used as a substrate where the transistor
is formed. Alternatively, a skin (e.g., epidermis or corium) or
hypodermal tissue of an animal such as a human being can be
used as a substrate where the transistor is formed. In addition,
the transistor may be formed using one substrate, and then,
the transistor may be transferred to another substrate. A single
crystalline substrate, an SOI substrate, a glass substrate, a
quartz substrate, a plastic substrate, a paper substrate, a cel-
lophane substrate, a stone substrate, a wood substrate, a cloth
substrate (including a natural fiber (e.g., silk, cotton, or
hemp), a synthetic fiber (e.g., nylon, polyurethane, or poly-
ester), a regenerated fiber (e.g., acetate, cupra, rayon, or
regenerated polyester), or the like), a leather substrate, a
rubber substrate, a stainless steel substrate, a substrate includ-
ing a stainless steel foil, or the like can be used as a substrate
to which the transistor is transferred. Alternatively, a skin
(e.g., epidermis or corium) or hypodermal tissue of an animal
such as a human being can be used as a substrate to which the
transistor is transferred. Further alternatively, the transistor
may be formed using one substrate and the substrate may be
thinned by polishing. A single crystalline substrate, an SOI
substrate, a glass substrate, a quartz substrate, a plastic sub-
strate, a paper substrate, a cellophane substrate, a stone sub-
strate, a wood substrate, a cloth substrate (including a natural
fiber (e.g., silk, cotton, or hemp), a synthetic fiber (e.g., nylon,
polyurethane, or polyester), a regenerated fiber (e.g., acetate,
cupra, rayon, or regenerated polyester), or the like), a leather
substrate, a rubber substrate, a stainless steel substrate, a
substrate including a stainless steel foil, or the like can be used
as a substrate to be polished. Alternatively, a skin (e.g., epi-
dermis or corium) or hypodermal tissue of an animal such as
a human being can be used as a substrate to be polished. By
using such a substrate, a transistor with excellent properties or
a transistor with low power consumption can be formed, a
device with high durability, high heat resistance can be pro-
vided, or reduction in weight or thickness can be achieved.

A structure of a transistor can be various modes without
limiting to a certain structure. For example, a multi-gate
structure having two or more gate electrodes may be used.
When the multi-gate structure is used, a structure where a
plurality of transistors are connected in series is provided
because a structure where channel regions are connected in
series is provided. By using the multi-gate structure, off-
current can be reduced or the withstand voltage of the tran-
sistor can be increased to improve reliability. Alternatively, by
using the multi-gate structure, drain-source current does not
fluctuate very much even if drain-source voltage fluctuates
when the transistor operates in a saturation region, so that a
flat slope of voltage-current characteristics can be obtained.
By utilizing the flat slope of the voltage-current characteris-
tics, an ideal current source circuit or an active load having a
high resistance value can be realized. Accordingly, a differ-
ential circuit or a current mirror circuit having excellent prop-
erties can be realized. In addition, a structure where gate
electrodes are formed above and below a channel may be
used. By using the structure where gate electrodes are formed
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above and below the channel, a channel region is enlarged, so
that the amount of current flowing therethrough can be
increased or a depletion layer can be easily formed to
decrease an S value. When the gate electrodes are formed
above and below the channel, a structure where a plurality of
transistors are connected in parallel is provided.

Further, a structure where a gate electrode is formed above
a channel formation region, a structure where a gate electrode
is formed below a channel formation region, a staggered
structure, an inversely staggered structure, a structure where
a channel formation region is divided into a plurality of
regions, or a structure where channel formation regions are
connected in parallel or in series can be used. In addition, a
source electrode or a drain electrode may overlap with a
channel formation region (or part of it). By using the structure
where the source electrode or the drain electrode may overlap
with the channel formation region (or part of it), the case can
be prevented in which electric charges are accumulated in part
of the channel formation region, which would result in an
unstable operation. Further, an LDD region may be provided.
By providing the LDD region, off-current can be reduced or
the withstand voltage of the transistor can be increased to
improve reliability. Alternatively, by providing the LDD
region, drain-source current does not fluctuate very much
even if drain-source voltage fluctuates when the transistor
operates in the saturation region, so that a flat slope of volt-
age-current characteristics can be obtained.

Various types of transistors can be used for a transistor in
this document and the transistor can be formed using various
types of substrates. Accordingly, all of circuits which are
necessary to realize a predetermined function may be formed
using the same substrate. For example, all of the circuits
which are necessary to realize the predetermined function
may be formed using a glass substrate, a plastic substrate, a
single crystalline substrate, an SOI substrate, or any other
substrate. When all of the circuits which are necessary to
realize the predetermined function are formed using the same
substrate, cost can be reduced by reduction in the number of
component parts or reliability can be improved by reduction
in the number of connections to circuit components. Alterna-
tively, part of the circuits which are necessary to realize the
predetermined function may be formed using one substrate
and another part of the circuits which are necessary to realize
the predetermined function may be formed using another
substrate. That is, not all of the circuits which are necessary to
realize the predetermined function are required to be formed
using the same substrate. For example, part of the circuits
which are necessary to realize the predetermined function
may be formed with transistors using a glass substrate and
another part of the circuits which are necessary to realize the
predetermined function may be formed using a single crys-
talline substrate, so that an IC chip formed by a transistor
using the single crystalline substrate may be connected to the
glass substrate by COG (chip on glass) and the IC chip may be
provided over the glass substrate. Alternatively, the IC chip
may be connected to the glass substrate by TAB (tape auto-
mated bonding) or a printed wiring board. When part of the
circuits are formed using the same substrate in this manner,
cost can be reduced by reduction in the number of component
parts or reliability can be improved by reduction in the num-
ber of connections to circuit components. In addition, for
example, by forming a portion with high driving voltage or a
portion with high driving frequency, which consumes large
power, using a single crystalline substrate and using an IC
chip formed by the circuit instead of forming such a portion
using the same substrate, increase in power consumption can
be prevented.
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Note that one pixel corresponds to one element whose
brightness can be controlled in this document. Therefore, for
example, one pixel corresponds to one color element and
brightness is expressed with the one color element. Accord-
ingly, in the case of a color display device having color
elements of R (red), G (green), and B (blue), a minimum unit
of'an image is formed of three pixels of an R pixel, a G pixel,
and a B pixel. Note that the color elements are not limited to
three colors, and color elements of more than three colors
may be used or a color other than RGB may be used. For
example, RGBW (W corresponds to white) may be used by
adding white. In addition, one or more colors of yellow, cyan,
magenta emerald green, vermilion, and the like may be added
to RGB. Further, a color similar to at least one of R, G, and B
may be added to RGB. For example, R, G, B1, and B2 may be
used. Although both B1 and B2 are blue, they have slightly
different frequency. Similarly, R1, R2, G, and B may be used.
By using such color elements, display which is closer to the
real object can be performed or power consumption can be
reduced. Alternatively, as another example, in the case of
controlling brightness of one color element by using a plural-
ity of regions, one region may correspond to one pixel. There-
fore, for example, in the case of performing area ratio gray
scale display or the case of including a subpixel, a plurality of
regions which control brightness are provided in each color
element and gray scales are expressed with the whole regions.
In this case, one region which controls brightness may corre-
spond to one pixel. Thus, in that case, one color element
includes a plurality of pixels. Alternatively, even when the
plurality of regions which control brightness are provided in
one color element, these regions may be collected as one
pixel. Thus, inthat case, one color element includes one pixel.
In that case, one color element includes one pixel. In the case
where brightness is controlled in a plurality of regions in each
color element, regions which contribute to display have dif-
ferent area dimensions depending on pixels in some cases. In
addition, in the plurality of regions which control brightness
in each color element, signals supplied to each of the plurality
of regions may be slightly varied to widen a viewing angle.
That is, potentials of pixel electrodes included in the plurality
of regions provided in each color element may be different
from each other. Accordingly, voltage applied to liquid crystal
molecules are varied depending on the pixel electrodes.
Therefore, the viewing angle can be widened.

When it is described that “one pixel (for three colors)”, it
corresponds to the case where three pixels of R, G, and B are
considered as one pixel. Meanwhile, when it is described that
“one pixel (for one color)”, it corresponds to the case where
the plurality of regions are provided in each color element and
collectively considered as one pixel.

In this document, pixels are provided (arranged) in matrix
in some cases. Here, description that pixels are provided
(arranged) in matrix includes the case where the pixels are
arranged in a straight line and the case where the pixels are
arranged in a jagged line, in a longitudinal direction or a
lateral direction. Thus, for example, in the case of performing
full color display with three color elements (e.g., RGB), the
following cases are included therein: the case where the pix-
els are arranged in stripes and the case where dots of the three
color elements are arranged in a delta pattern. In addition, the
case is also included therein in which dots of the three color
elements are provided in Bayer arrangement. Note that the
color elements are not limited to three colors, and color ele-
ments of more than three colors may be used. RGBW (W
corresponds to white), RGB plus one or more of yellow, cyan,
magenta, and the like, or the like is given as an example.
Further, the sizes of display regions may be different between
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respective dots of color elements. Thus, power consumption
can be reduced or the life of a display element can be pro-
longed.

In this document, an active matrix method in which an
active element is included in a pixel or a passive matrix
method in which an active element is not included in a pixel
can be used.

In an active matrix method, as an active element (a non-
linear element), not only a transistor but also various active
elements (non-linear elements) can be used. For example, an
MIM (metal insulator metal), a TFD (thin film diode), or the
like can also be used. Since such an element has few number
of manufacturing steps, manufacturing cost can be reduced or
yield can be improved. Further, since the size of the element
is small, the aperture ratio can be improved, so that power
consumption can be reduced or high luminance can be
achieved.

As a method other than an active matrix method, a passive
matrix method in which an active element (a non-linear ele-
ment) is not used can also be used. Since an active element (a
non-linear element) is not used, manufacturing steps is few,
so that manufacturing cost can be reduced or the yield can be
improved. Further, since an active element (a non-linear ele-
ment) is not used, the aperture ratio can be improved, so that
power consumption can be reduced or high luminance can be
achieved.

A transistor is an element having at least three terminals of
a gate, a drain, and a source. The transistor has a channel
formation region between a drain region and a source region,
and current can flow through the drain region, the channel
formation region, and the source region. Here, since the
source and the drain of the transistor may change depending
on the structure, the operating condition, and the like of the
transistor, it is difficult to define which is a source or a drain.
Therefore, in this document, a region functioning as a source
and a drain may not be called the source or the drain. In such
a case, one of the source and the drain may be referred to as a
first terminal and the other thereof may be referred to as a
second terminal, for example. Alternatively, one of the source
and the drain may be referred to as a first electrode and the
other thereof may be referred to as a second electrode. Further
alternatively, one of the source and the drain may be referred
to as a source region and the other thereof may be called a
drain region.

A transistor may be an element having at least three termi-
nals of a base, an emitter, and a collector. In this case also, one
of'the emitter and the collector may be similarly called a first
terminal and the other terminal may be called a second ter-
minal.

A gate corresponds to all or part of a gate electrode and a
gate wiring (also referred to as a gate line, a gate signal line,
a scan line, a scan signal line, or the like). A gate electrode
corresponds to a conductive film which overlaps with a semi-
conductor which forms a channel formation region with a
gate insulating film interposed therebetween. Note that part of
the gate electrode overlaps with an LDD (lightly doped drain)
region, the source region, or the drain region with the gate
insulating film interposed therebetween in some cases. A gate
wiring corresponds to a wiring for connecting a gate electrode
of'each transistor to each other, a wiring for connecting a gate
electrode of each pixel to each other, or a wiring for connect-
ing a gate electrode to another wiring.

However, there is a portion (a region, a conductive film, a
wiring, or the like) which functions as both a gate electrode
and a gate wiring. Such a portion (a region, a conductive film,
a wiring, or the like) may be called either a gate electrode or
a gate wiring. That is, there is a region where a gate electrode
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and a gate wiring cannot be clearly distinguished from each
other. For example, in the case where a channel formation
region overlaps with part of an extended gate wiring, the
overlapped portion (region, conductive film, wiring, or the
like) functions as both a gate wiring and a gate electrode.
Accordingly, such a portion (a region, a conductive film, a
wiring, or the like) may be called either a gate electrode or a
gate wiring.

A portion (a region, a conductive film, a wiring, or the like)
which is formed using the same material as a gate electrode,
forms the same island as the gate electrode, and is connected
to the gate electrode may also be called a gate electrode.
Similarly, a portion (a region, a conductive film, a wiring, or
the like) which is formed using the same material as a gate
wiring, forms the same island as the gate wiring, and is
connected to the gate wiring may also be called a gate wiring.
In a strict detect, such a portion (a region, a conductive film,
a wiring, or the like) does not overlap with a channel forma-
tion region or does not have a function of connecting the gate
electrode to another gate electrode in some cases. However,
there is a portion (a region, a conductive film, a wiring, or the
like) which is formed using the same material as a gate elec-
trode or a gate wiring, forms the same island as the gate
electrode or the gate wiring, and is connected to the gate
electrode or the gate wiring. Thus, such a portion (a region, a
conductive film, a wiring, or the like) may also be called either
a gate electrode or a gate wiring.

In a multi-gate transistor, for example, a gate electrode is
often connected to another gate electrode by using a conduc-
tive film which is formed using the same material as the gate
electrode. Since such a portion (a region, a conductive film, a
wiring, or the like) is a portion (a region, a conductive film, a
wiring, or the like) for connecting the gate electrode to
another gate electrode, it may be called a gate wiring, and it
may also be called a gate electrode because a multi-gate
transistor can be considered as one transistor. That is, a por-
tion (a region, a conductive film, a wiring, or the like) which
is formed using the same material as a gate electrode or a gate
wiring, forms the same island as the gate electrode or the gate
wiring, and is connected to the gate electrode or the gate
wiring may be called either a gate electrode or a gate wiring.
In addition, for example, part of a conductive film which
connects the gate electrode and the gate wiring and is formed
using a material which is different from that of the gate
electrode or the gate wiring may also be called either a gate
electrode or a gate wiring.

A gate terminal corresponds to part of a portion (a region,
a conductive film, a wiring, or the like) of a gate electrode or
a portion (a region, a conductive film, a wiring, or the like)
which is electrically connected to the gate electrode.

When a wiring is called a gate wiring, a gate line, a gate
signal line, a scan line, a scan signal line, there is the case in
which a gate of' a transistor is not connected to a wiring. In this
case, the gate wiring, the gate line, the gate signal line, the
scan line, or the scan signal line corresponds to a wiring
formed in the same layer as the gate of the transistor, a wiring
formed using the same material of the gate of the transistor, or
a wiring formed at the same time as the gate of the transistor
in some cases. As examples, a wiring for storage capacitance,
apower supply line, a reference potential supply line, and the
like can be given.

A source corresponds to all or part of a source region, a
source electrode, and a source wiring (also referred to as a
source line, a source signal line, a data line, a data signal line,
or the like). A source region corresponds to a semiconductor
region including a large amount of p-type impurities (e.g.,
boron or gallium) or n-type impurities (e.g., phosphorus or
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arsenic). Therefore, a region including a small amount of
p-type impurities or n-type impurities, namely, an LDD
(lightly doped drain) region is not included in the source
region. A source electrode is part of a conductive layer formed
using a material different from that of a source region, and
electrically connected to the source region. However, there is
the case where a source electrode and a source region are
collectively called a source electrode. A source wiring is a
wiring for connecting a source electrode of each transistor to
each other, a wiring for connecting a source electrode of each
pixel to each other, or a wiring for connecting a source elec-
trode to another wiring.

However, there is a portion (a region, a conductive film, a
wiring, or the like) functioning as both a source electrode and
a source wiring. Such a portion (a region, a conductive film, a
wiring, or the like) may be called either a source electrode or
a source wiring. That is, there is a region where a source
electrode and a source wiring cannot be clearly distinguished
from each other. For example, in the case where a source
region overlaps with part of an extended source wiring, the
overlapped portion (region, conductive film, wiring, or the
like) functions as both a source wiring and a source electrode.
Accordingly, such a portion (a region, a conductive film, a
wiring, or the like) may be called either a source electrode or
a source wiring.

A portion (a region, a conductive film, a wiring, or the like)
which is formed using the same material as a source elec-
trode, forms the same island as the source electrode, and is
connected to the source electrode, or a portion (a region, a
conductive film, a wiring, or the like) which connects a source
electrode and another source electrode may also be called a
source electrode. Further, a portion which overlaps with a
source region may be called a source electrode. Similarly, a
portion (a region, a conductive film, a wiring, or the like)
which is formed using the same material as a source wiring,
forms the same island as the source wiring, and is connected
to the source wiring may also be called a source wiring. In a
strict detect, such a portion (a region, a conductive film, a
wiring, or the like) does not have a function of connecting the
source electrode to another source electrode in some cases.
However, there is a portion (a region, a conductive film, a
wiring, or the like) which is formed using the same material as
a source electrode or a source wiring, forms the same island as
the source electrode or the source wiring, and is connected to
the source electrode or the source wiring. Thus, such a portion
(aregion, a conductive film, a wiring, or the like) may also be
called either a source electrode or a source wiring.

For example, part of a conductive film which connects a
source electrode and a source wiring and is formed using a
material which is different from that of the source electrode or
the source wiring may be called either a source electrode or a
source wiring.

A source terminal corresponds to a source region, a source
electrode, or a portion (a region, a conductive film, a wiring,
or the like) which is electrically connected to the source
electrode.

When a wiring is called a source wiring, a source line, a
source signal line, a data line, a data signal line, there is the
caseinwhich a source (a drain) of a transistor is not connected
to awiring. In this case, the source wiring, the source line, the
source signal line, the data line, or the data signal line corre-
sponds to a wiring formed in the same layer as the source (the
drain) of the transistor, a wiring formed using the same mate-
rial of the source (the drain) of the transistor, or a wiring
formed at the same time as the source (the drain) of the
transistor in some cases. As examples, a wiring for storage

10

15

20

25

30

35

40

45

50

55

60

65

12

capacitance, a power supply line, a reference potential supply
line, and the like can be given.

The same can be said for a drain.

A semiconductor device corresponds to a device having a
circuit including a semiconductor element (e.g., a transistor, a
diode, or thyristor). The semiconductor device may also
include all devices that can function by utilizing semiconduc-
tor characteristics. In addition, the semiconductor device cor-
responds to a device having a semiconductor material.

A display element corresponds to an optical modulation
element, a liquid crystal element, a light-emitting element, an
EL element (an organic EL element, an inorganic EL element,
or an EL element including organic and inorganic materials),
an electron emitter, an electrophoresis element, a discharging
element, a light-reflective element, a light diffraction ele-
ment, a digital micro device (DMD), or the like. Note that the
present invention is not limited to this.

A display device corresponds to a device having a display
element. The display device may include a plurality of pixels
each having a display element. Note that that the display
device may also include a peripheral driver circuit for driving
the plurality of pixels. The peripheral driver circuit for driving
the plurality of pixels may be formed over the same substrate
as the plurality of pixels. The display device may also include
a peripheral driver circuit provided over a substrate by wire
bonding or bump bonding, namely, an IC chip connected by
chip on glass (COG) or an IC chip connected by TAB or the
like. Further, the display device may also include a flexible
printed circuit (an FPC) to which an IC chip, a resistor, a
capacitor, an inductor, a transistor, or the like is attached. Note
also that the display device includes a printed wiring board (a
PWB) which is connected through a flexible printed circuit
(an FPC) and to which an IC chip, a resistor, a capacitor, an
inductor, a transistor, or the like is attached. The display
device may also include an optical sheet such as a polarizing
plate or a retardation plate. The display device may also
include a lighting device, ahousing, an audio input and output
device, a light sensor, or the like. Here, a lighting device such
as a backlight unit may include a light guide plate, a prism
sheet, a diffusion sheet, a reflective sheet, a light source (e.g.,
an LED or a cold cathode fluorescent lamp), a cooling device
(e.g., a water cooling device or an air cooling device), or the
like.

A lighting device corresponds to a device having a back-
light unit, a light guide plate, a prism sheet, a diffusion sheet,
a reflective sheet, or a light source (e.g., an LED, a cold
cathode fluorescent lamp, or a hot cathode fluorescent lamp),
a cooling device, or the like.

A light-emitting device corresponds to a device having a
light-emitting element and the like. In the case of including a
light-emitting element as a display element, the light-emit-
ting device is one of specific examples of a display device.

A reflective device corresponds to a device having a light-
reflective element, a light diffraction element, light-reflective
electrode, or the like.

A liquid crystal display device corresponds to a display
device including a liquid crystal element. Liquid crystal dis-
play devices include a direct-view liquid crystal display, a
projection liquid crystal display, a transmissive liquid crystal
display, areflective liquid crystal display, a semi-transmissive
liquid crystal display, and the like.

A driving device corresponds to a device having a semi-
conductor element, an electric circuit, or an electronic circuit.
For example, a transistor which controls input of a signal from
a source signal line to a pixel (also referred to as a selection
transistor, a switching transistor, or the like), a transistor
which supplies voltage or current to a pixel electrode, a tran-
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sistor which supplies voltage or current to a light-emitting
element, and the like are examples of the driving device. A
circuit which supplies a signal to a gate signal line (also
referred to as a gate driver, a gate line driver circuit, or the
like), a circuit which supplies a signal to a source signal line
(also referred to as a source driver, a source line driver circuit,
or the like) are also examples of the driving device.

A display device, a semiconductor device, a lighting
device, a cooling device, a light-emitting device, a reflective
device, a driving device, and the like overlap with each other
in some cases. For example, a display device includes a semi-
conductor device and a light-emitting device in some cases.
Alternatively, a semiconductor device includes a display
device and a driving device in some cases.

In this document, when it is described that “B is formed on
A” or “B is formed over A”, it does not necessarily mean that
B is formed in direct contact with A. The description includes
the case where A and B are not in direct contact with each
other, i.e., the case where another object is interposed
between A and B. Here, each of A and B corresponds to an
object (e.g., a device, an element, a circuit, a wiring, an
electrode, a terminal, a conductive film, or a layer).

Accordingly, for example, when it is described that a layer
B is formed on (or over) a layer A, it includes both the case
where the layer B is formed in direct contact with the layer A,
and the case where another layer (e.g., a layer C or a layer D)
is formed in direct contact with the layer A and the layer B is
formed in direct contact with the layer C or D. Note that
another layer (e.g., a layer C or a layer D) may be a single
layer or a plurality of layers.

Similarly, when it is described that B is formed above A, it
does not necessarily mean that B is formed in direct contact
with A, and another object may be interposed therebetween.
Thus, for example, when it is described that a layer B is
formed above a layer A, it includes both the case where the
layer B is formed in direct contact with the layer A, and the
case where another layer (e.g., a layer C or a layer D) is
formed in direct contact with the layer A and the layer B is
formed in direct contact with the layer C or D. Note that
another layer (e.g., a layer C or a layer D) may be a single
layer or a plurality of layers.

Note that when it is described that B is formed in direct
contact with A, it includes not the case where another object
is interposed between A and B but the case where B is formed
in direct contact with A.

Note that the same can be said when it is described that B
is formed below or under A.

In this document, when an object is explicitly described in
a singular form, the object is preferably singular. Note that the
present invention is not limited to this, and the object can be
plural. Similarly, when an object is explicitly described in a
plural form, the object is preferably plural. Note that the
present invention is not limited to this, and the object can be
singular.

Since the display device of the present invention includes a
plurality of memory circuits in a driver circuit, pieces of data
of video signals corresponding to a plurality of line periods
can be held concurrently. Therefore, even when there are a
plurality of line periods each having the same data and there
is a line period corresponding to another data among the
plurality of line periods, the corresponding data and another
data can be held in different memory circuits. Thus, in the
memory circuit in which the corresponded data is held, it is
not necessary to rewrite data until the plurality of line periods
are completed. That is, input of video signals to a signal line
driver circuit, sampling of the video signals in the signal line
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driver circuit, and writing of data of the sampled video signals
to a memory circuit can be performed at one time during the
plurality of line periods.

Therefore, even when a plurality of line periods where
pieces of data correspond to each other exist discontinuously,
power consumption of the signal line driver circuit can be
efficiently suppressed. Further, power consumption which is
necessary for input of video signals to the signal line driver
circuit can be suppressed, so that power consumption of the
entire display device can be suppressed.

In addition, since the display device of the present inven-
tion includes the plurality of memory circuits, even when a
plurality of groups each having a plurality of line periods
where pieces of data correspond to each other exist, pieces of
data corresponding to respective groups can be held in differ-
ent memory circuits. Thus, it is not necessary to rewrite data
in the memory circuit where the data is held until all the line
periods in the group corresponding to the data are completed.
That is, input of video signals to the signal line driver circuit,
sampling of the video signals in the signal line driver circuit,
and writing of data of the sampled video signals to the
memory circuit can be performed at one time during all the
line periods in one group.

Therefore, even when a plurality of groups each having a
plurality of line periods where pieces of data correspond to
each other exist, power consumption of the signal line driver
circuit can be efficiently suppressed. Further, power con-
sumption which is necessary for input of video signals to the
signal line driver circuit can be suppressed, so that power
consumption of the entire display device can be suppressed.

Further, in the display device of the present invention, by
storing data of video signals corresponding to a plurality of
line periods or a plurality of frame periods in amemory, a data
comparison portion can compare data of a video signal cor-
responding to one line period with data of a video signal
corresponding to a plurality of line periods other than one line
period. Thus, comparison with not only data corresponding to
adjacent line periods but also data corresponding to more line
periods can be performed, so that power consumption of the
signal line driver circuit can be efficiently suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram illustrating a structure of a
display device of the present invention;

FIGS. 2A and 2B each illustrate an operation of a signal
line driver circuit in a display device of the present invention;

FIGS. 3A and 3B each illustrate an operation of a signal
line driver circuit in a display device of the present invention;

FIGS. 4A and 4B each illustrate an operation of a signal
line driver circuit in a display device of the present invention;

FIG. 5 is a timing chart illustrating a driving method of a
display device of the present invention;

FIG. 6 is a block diagram illustrating a structure of a
display device of the present invention;

FIG. 7 is a block diagram illustrating a structure of a data
comparison portion;

FIG. 8 is a block diagram illustrating a structure of a data
comparison portion;

FIG. 9 is a block diagram illustrating a structure of a
display device of the present invention;

FIG. 10 is a block diagram illustrating a structure of a data
comparison portion;

FIG. 11 is a block diagram illustrating a structure of a
display device of the present invention;
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FIG. 12 is a block diagram illustrating a structure of a
display device of the present invention;

FIGS. 13A and 13B are timing charts each illustrating
timing at which a video signal is input to a pixel portion;

FIG. 14 is a circuit diagram of a signal line driver circuit in
a display device of the present invention;

FIG. 15 is a circuit diagram of a signal line driver circuit in
a display device of the present invention;

FIGS. 16A and 16B are circuit diagrams each illustrating a
structure of a pixel portion of a light-emitting device;

FIG. 17 is a circuit diagram illustrating a structure of a pixel
portion of a liquid crystal display device;

FIG. 18A is a top plan view of a display device of the
present invention, and FIG. 18B is a cross-sectional view of
the display device of the present invention;

FIGS.19A 10 19C each illustrate an electronic device using
a display device of the present invention;

FIG. 20 is a circuit diagram of a memory element;

FIG. 21 is a block diagram illustrating a structure of a data
comparison portion;

FIG. 22 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIGS. 23A and 23B each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIGS. 24A and 24B each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIG. 25 illustrates an example of a pixel layout of a display
device in accordance with the present invention;

FIGS. 26A and 26B each illustrate an example of a pixel
layout of a display device in accordance with the present
invention;

FIGS. 27A and 27B each illustrate an example of a pixel
layout of a display device in accordance with the present
invention;

FIG. 28 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIGS. 29A to 29D each illustrate an example of a periph-
eral component of a display device in accordance with the
present invention;

FIG. 30 illustrates an example of a peripheral component
of'a display device in accordance with the present invention;

FIGS. 31A to 31C each illustrate an example of a circuit
structure of a panel of a display device in accordance with the
present invention;

FIGS. 32A and 32B each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIGS. 33A to 33C each illustrate an example of a driving
method of a display device in accordance with the present
invention;

FIGS. 34 A and 34B each illustrate an example of a circuit
structure of a display device in accordance with the present
invention;

FIGS. 35A to 35C each illustrate an example of a periph-
eral component of a display device in accordance with the
present invention;

FIGS. 36 A and 36B each illustrate an example of a circuit
structure of a display device in accordance with the present
invention;

FIG. 37 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 38 illustrates an example of a circuit structure of a
display device in accordance with the present invention;
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FIGS. 39A and 39B each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIGS. 40A to 40D each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIGS. 41A to 41D each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIGS. 42A to 42D each illustrate an example of a cross-
sectional view of a display device in accordance with the
present invention;

FIG. 43 illustrates an example of a top plan view of a
display device in accordance with the present invention;

FIGS. 44A to 44D each illustrate an example of a top plan
view of a display device in accordance with the present inven-
tion;

FIGS. 45A to 45D each illustrate an example of a top plan
view of a display device in accordance with the present inven-
tion;

FIG. 46A illustrates an example of a pixel layout of a
display device in accordance with the present invention, and
FIG. 46B illustrates an example of a cross-sectional view
thereof;

FIG. 47A illustrates an example of a pixel layout of a
display device in accordance with the present invention, and
FIG. 47B illustrates an example of a cross-sectional view
thereof;

FIG. 48A illustrates an example of a pixel layout of a
display device in accordance with the present invention, and
FIG. 48B illustrates an example of a cross-sectional view
thereof;

FIGS. 49A and 49B each illustrate an example of a timing
chart of adisplay device in accordance with the present inven-
tion;

FIGS. 50A and 50B each illustrate an example of a timing
chart of adisplay device in accordance with the present inven-
tion;

FIG. 51 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 52 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 53 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 54 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 55 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIGS. 56A to 56G illustrate a manufacturing process of a
display device in accordance with the present invention;

FIG. 57 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIG. 58 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIG. 59 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIG. 60 illustrates an example of a cross-sectional view of
a display device in accordance with the present invention;

FIGS. 61A to 61C each illustrate an example of a display
element of a display device in accordance with the present
invention;

FIGS. 62A to 62C each illustrate an example of a display
element of a display device in accordance with the present
invention;

FIGS. 63 A and 63B illustrate an example of a structure of
a display device in accordance with the present invention;
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FIG. 64 illustrates an example of a structure of a display
device in accordance with the present invention;

FIG. 65 illustrates an example of a structure of a display
device in accordance with the present invention;

FIG. 66 illustrates an example of a structure of a display
device in accordance with the present invention;

FIGS. 67A to 67C each illustrate an example of a structure
of'a display device in accordance with the present invention;

FIG. 68 illustrates an example of a circuit structure of a
display device in accordance with the present invention;

FIG. 69 illustrates an example of a timing chart of a display
device in accordance with the present invention;

FIG. 70 illustrates an example of a timing chart of a display
device in accordance with the present invention;

FIGS. 71A and 71B each illustrate an example of a driving
method of a display device in accordance with the present
invention;

FIGS. 72A to 72E each illustrate an example of a display
element of a display device in accordance with the present
invention;

FIG. 73 illustrates an example of a manufacturing device of
a display device in accordance with the present invention;

FIG. 74 illustrates an example of a manufacturing device of
a display device in accordance with the present invention;

FIG. 75 illustrates an example of a structure of a display
device in accordance with the present invention;

FIG. 76 illustrates an example of a structure of a display
device in accordance with the present invention;

FIGS. 77A and 77B each illustrate an example of a struc-
ture of a display device in accordance with the present inven-
tion;

FIGS. 78A and 78B each illustrate an example of a struc-
ture of a display device in accordance with the present inven-
tion;

FIG. 79 illustrates an example of a structure of a display
device in accordance with the present invention;

FIG. 80 illustrates an example of a structure of a display
device in accordance with the present invention;

FIGS. 81 A to 81H each illustrate an electronic device using
a display device in accordance with the present invention;

FIG. 82 illustrates an electronic device using a display
device in accordance with the present invention;

FIG. 83 illustrates an electronic device using a display
device in accordance with the present invention;

FIG. 84 illustrates an electronic device using a display
device in accordance with the present invention;

FIG. 85 illustrates an electronic device using a display
device in accordance with the present invention;

FIGS. 86A and 86B each illustrate an electronic device
using a display device in accordance with the present inven-
tion; and

FIGS. 87A and 87B illustrate an electronic device using a
display device in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described by way
of embodiment modes and embodiments with reference to the
drawings. However, the present invention can be imple-
mented in various different ways and it will be easily under-
stood by those skilled in the art that various changes and
modifications are possible. Unless such changes and modifi-
cations depart from the spirit and the scope of the present
invention, they should be construed as being included therein.
Therefore, the present invention should not be construed as
being limited to the description of the embodiment modes and
embodiments.
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[Embodiment Mode 1]

FIG.11s ablock diagram of a display device of the present
invention. The display device of the present invention
includes a pixel portion 100 including a plurality of pixels, a
scan line driver circuit 101 which can select a plurality of
pixels in each line, and a signal line driver circuit 102 which
controls input of a video signal to pixels in a selected line. The
signal line driver circuit 102 includes at least a shift register
103, a sampling circuit 104, and a plurality of memory cir-
cuits. Each memory circuit includes a plurality of memory
elements which can store data input to pixels for one line.

FIG. 1 shows an example in which a first latch 105, a
second latch 106, a third latch 107, and a fourth latch 108 are
used for the plurality of memory circuits. Note that the num-
ber of latches used in the display device of the present inven-
tion is not limited to four, and the number of latches may be
two or three, or may be five or more.

Next, an operation of the signal line driver circuit 102 is
described. A clock signal S-CLK and a start pulse signal S-SP
are input to the shift register 103. The shift register 103
generates timing signals, pulses of which are sequentially
shifted, in accordance with the clock signal S-CLK and the
start pulse signal S-SP, and inputs the timing signals to the
sampling circuit 104. The sampling circuit 104 samples video
signals for one line period, which are input to the signal line
driver circuit 102, in accordance with the input timing signal.
Then, when the video signals corresponding to each pixel are
sampled, the sampled video signal is input in each time to one
or a plurality of the first latch 105, the second latch 106, the
third latch 107, and the fourth latch 108 in the lower stage.

Note that in this embodiment mode, an example is
described in which a sampled video signal is input in each
time to the memory circuit in the lower stage without waiting
for completion of one line period; however, the present inven-
tion is not limited to this structure. After all the video signals
for one line period are sampled, the sampled video signals
may be input to the memory circuit in the lower stage all at
once.

In addition, video signals may be sampled for one pixel at
one time serially after completion of sampling of video sig-
nals for another pixel, or pixels in one line may be divided into
several groups and video signals may be sampled for each
pixel corresponding in one group at the same time.

Writing latch signals WS, to WS, which control writing of
data included in a video signal and reading latch signals RS,
to RS, which control reading of stored data are input to the
first latch 105, the second latch 106, the third latch 107, and
the fourth latch 108, respectively. Specifically, the writing
latch signal WS, and the reading latch signal RS, are input to
the first latch 105. The writing latch signal WS, and the
reading latch signal RS, are input to the second latch 106. The
writing latch signal WS; and the reading latch signal RS; are
input to the third latch 107. The writing latch signal WS, and
the reading latch signal RS, are input to the fourth latch 108.

In accordance with the writing latch signals WS, to WS,,
data of video signals for one line period, which are input from
the signal line driver circuit 102, are written to and stored in
the first latch 105, the second latch 106, the third latch 107, or
the fourth latch 108. Further, in accordance with the reading
latch signals RS, to RS, the data stored in the first latch 105,
the second latch 106, the third latch 107, or the fourth latch
108 is output as a video signal.

Note that although the pixel portion 100 is directly con-
nected to the next stage of the memory circuit in FIG. 1, the
present invention is not limited to this structure. A circuit
which processes the video signal output from the first latch
105, the second latch 106, the third latch 107, or the fourth
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latch 108 can be provided in a previous stage of the pixel
portion 100. Examples of the circuit which performs signal
processing include a buffer which can shape a waveform, a
level shifter which can amplify amplitude, and a digital/ana-
log converter circuit which can convert a digital signal into an
analog signal.

Then, at the same time as inputting a video signal to the
pixel portion 100 from one of the first latch 105, the second
latch 106, the third latch 107, and the fourth latch 108, the
sampling circuit 104 can sample video signals corresponding
to the next line period again. Note that in the present inven-
tion, when the same data as the video signal corresponding to
the next line period is stored in advance in one of the first latch
105, the second latch 106, the third latch 107, and the fourth
latch 108, sampling of the video signal in the sampling circuit
104 can be stopped.

When sampling is stopped, input of pulses of the clock
signal S-CLK and the start pulse signal S-SP to the shift
register 103 is stopped, and generation of a pulse of the timing
signal in the shift register 103 is stopped. Note that in order to
stop the generation of a pulse of the timing signal, only input
of a pulse of a clock signal S-CLK to the shift register 103
may be stopped, or only input of the pulses of the start pulse
signal S-SP to the shift register 103 may be stopped. When
output of pulses of a timing signal from the shift register 103
is stopped, the sampling circuit 104 stops sampling of the
video signals. Then, in accordance with the reading latch
signals RS, to RS,, the same data as the video signals corre-
sponding to the next line period is input as video signals to the
pixel portion 100 from one of the first latch 105, the second
latch 106, the third latch 107, and the fourth latch 108.

Next, a specific operation of the signal line driver circuit
102 is described using the case where pieces of data of video
signals input to pixels in aj-th line, a (j+a)thline, and a (j+b)th
line of the pixel portion 100 are the same, as an example.

First, as shown in FIG. 2A, it is assumed that the pixels in
the j-th line are selected and data stored in the first latch 105,
for example, is input as video signals to the pixels in the j-th
line which is selected. Note that the data of the video signals
are written to the first latch 105 through a series of operations
in the signal line driver circuit 102 in which the shift register
103 generates a timing signal, and the sampling circuit 104
samples the video signals in accordance with a pulse of the
timing signal and inputs the sampled video signals to the first
latch 105. That is, in order to input the video signals to the
pixels in the j-th line, the shift register 103, the sampling
circuit 104, and the first latch 105 are driven in the signal line
driver circuit 102, as shown in FIG. 2B.

Next, as shown in FIG. 3A, it is assumed that the pixels in
the (j+a)th line is selected. Video signals having the same data
as that of the video signals input to the j-th line are input to the
pixels in the (j+a)th line which is selected. Accordingly, the
data stored in the first latch 105 is input as video signals. Note
that data of the video signals have already been written to the
first latch 105 before the pixels in the j-th line is selected.
Therefore, when the data is stored in the first latch 105 after
selection of the pixels in the j-th line finishes, writing of the
data to the first latch 105 is not necessarily performed again
before the pixels in the (j+a)th line are selected. Thus, in order
to input video signals to the pixels in the (j+a)th line, it is
acceptable as long as only the first latch 105 is driven in the
signal line driver circuit 102, as shown in FIG. 3B.

Next, as shown in FIG. 4A, it is assumed that after the pixel
in the (j+a)th line is selected and before the pixel in the (j+b)th
line is selected, pixels in a line corresponding to another data
is selected, and data stored in the third latch 107, for example,
is input as video signals to the pixels in the line which is
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selected. Note that the data of the video signals are written to
the third latch 107 through a series of operations in the signal
line driver circuit 102 in which the shift register 103 generates
a timing signal, and the sampling circuit 104 samples the
video signals in accordance with a pulse of the timing signal
and inputs the sampled video signals to the third latch 107.
That is, in order to input the video signals to the pixels in the
line, the shift register 103, the sampling circuit 104, and the
third latch 107 are driven in the signal line driver circuit 102,
as shown in FIG. 4B.

Note that in the present invention, the data which has
already been written can be continuously stored in the first
latch 105 while the pixels in the line corresponding to another
data are selected. Accordingly, when the pixels in the (j+b)th
line is selected, the data stored in the first latch 105 can be
input as video signals to the pixels in the (j+b)th line even
after selection of the line corresponding to another data fin-
ishes. Thus, in order to input the video signals to the pixels in
the (j+b)th line, it is acceptable as long as only the first latch
105 is driven in the signal line driver circuit 102, similarly in
the case of FIG. 3B.

Next, FIG. 5 shows an example of a timing chart of the
clock signal S-CLK and the start pulse signal S-SP which are
input to the shift register 103, the writing latch signals WS, to
WS, and the reading latch signals RS, to RS, which are input
to the first latch 105, the second latch 106, the third latch 107,
and the fourth latch 108, respectively, data (referred to as
DATAT1) of a video signal output from the sampling circuit
104, and data (referred to as DATA2) of a video signal input
to the pixel portion 100, using the display device shown in
FIG. 1 as an example. Note that FIG. 5 shows the case that
when video signals corresponding to each pixel are sampled
by the sampling circuit 104, the sampled video signals are
input in each time to the memory circuit in the lower stage
without waiting for completion of one line period.

As shown in FIG. 5, in a line period which appears first, a
video signal having data denoted by “A” is output from the
sampling circuit 104. The video signals having the data “A”,
which is output from the sampling circuit 104, are written to
the first latch 105 in accordance with a pulse of the writing
latch signal WS, . Note that at this time, other latch circuits
may be made to be in a state capable of being written by the
writing latch signal. Accordingly, the data “A” can be written
to a plurality of latch circuits concurrently.

In a line period which appears next, video signals having
data denoted by “B” are output from the sampling circuit 104.
The video signals having the data “B”, which is output from
the sampling circuit 104, are written to the second latch 106 in
accordance with a pulse of the writing latch signal WS,. The
video signals having the data “A” are input to the pixel portion
100 from the first latch 105 in accordance with a pulse of the
reading latch signal RS, .

In a line period which appears next, video signals having
data denoted by “C” are output from the sampling circuit 104.
The video signals having the data “C”, which is output from
the sampling circuit 104, are written to the third latch 107 in
accordance with a pulse of the writing latch signal WS;. The
video signals having the data “B” are input to the pixel portion
100 from the second latch 106 in accordance with a pulse of
the reading latch signal RS,.

In a line period which appears next, video signals having
data denoted by “D” are output from the sampling circuit 104.
The video signals having the data “D”, which is output from
the sampling circuit 104, are written to the fourth latch 108 in
accordance with a pulse of the writing latch signal WS,. The
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video signals having the data “C” are input to the pixel portion
100 from the third latch 107 in accordance with a pulse of the
reading latch signal RS;.

In a line period which appears next, input of one or both of
the pulses of the clock signal S-CLK and the start pulse signal
S-SP to the shift register 103 is stopped. Thus, generation of
a timing signal in the shift register 103 is stopped, so that
updating of output of the video signals from the sampling
circuit 104 is stopped. Further, the video signals having the
data “D” are input to the pixel portion 100 from the fourth
latch 108 in accordance with a pulse of the reading latch
signal RS,.

In a line period which appears next, input of one or both of
the pulses of the clock signal S-CLK and the start pulse signal
S-SP to the shift register 103 has been stopped, subsequently
to the previous line period. Thus, generation of the timing
signal in the shift register 103 is stopped, so that updating of
output of the video signals from the sampling circuit 104 is
stopped. Further, the video signals having the data “A” are
input to the pixel portion 100 from the first latch 105 in
accordance with the pulse of the reading latch signal RS, .

In a line period which appears next, input of one or both of
the pulses of the clock signal S-CLK and the start pulse signal
S-SP to the shift register 103 has been stopped, subsequently
to the previous line period. Thus, generation of the timing
signal in the shift register 103 is stopped, so that updating of
output of the video signal from the sampling circuit 104 is
stopped. Further, the video signals having the data “B” are
input to the pixel portion 100 from the second latch 106 in
accordance with the pulse of the reading latch signal RS,.

In a line period which appears next, input of the pulses of
the clock signals S-CLK and the start pulse signals S-SP to the
shift register 103 is resumed. Thus, generation of the timing
signals in the shift register 103 is also resumed, so that the
video signals having data denoted by “E” are output from the
sampling circuit 104. The video signals having data “E”,
which are output from the sampling circuit 104, are written to
the third latch 107 in accordance with the pulses of the writing
latch signals WS;. The video signals having the data “A” are
input to the pixel portion 100 from the first latch 105 in
accordance with the pulses of the reading latch signals RS;.

In a line period which appears next, input of one or both of
the pulses of the clock signals S-CLK and the start pulse
signals S-SP to the shift register 103 is stopped. Thus, gen-
eration of the timing signals in the shift register 103 is
stopped, so that updating of output of the video signals from
the sampling circuit 104 is stopped. Further, the video signals
having the data “E” are input to the pixel portion 100 from the
third latch 107 in accordance with the pulses of the reading
latch signals RS;.

Note that in FIG. 5, after data of video signals are written to
a memory circuit, the written data is input to the pixel portion
100 as video signals in latter periods; however, the present
invention is not limited to this configuration. At the same time
as writing data of video signals to a memory circuit, the
written data may be input to the pixel portion 100 as video
signals.

In addition, FIG. 5 illustrates the case that when a video
signal corresponding to each pixel is sampled by the sampling
circuit 104, the sampled video signal is input in each time to
the memory circuit in the lower stage without waiting for
completion of one line period; however, the present invention
is not limited to this structure. After all the video signals for
one line period are sampled, the sampled video signals may
be input to the memory circuit in the lower stage all at once.
Note that in this case, the sampling circuit 104 is operated by
dividing one line period into a period for sampling video
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signals and a period for outputting the sampled video signals.
Then, the sampled video signals are written to the memory
circuit only in the latter period.

Since the display device of the present invention includes a
plurality of memory circuits in the signal line driver circuit
102, pieces of data of video signals corresponding to a plu-
rality ofline periods can be concurrently held. Thus, as shown
in FIG. 5, for example, the data “A” and another data can be
held in different memory circuits even when a line period
corresponding to writing of another data exists during second,
sixth, and eighth line periods corresponding to writing of the
data “A”. Accordingly, in the memory circuit in which the
corresponding data “A” is stored (in FIG. 5, the first latch
105), it is not necessary to rewrite data until all the second,
sixth, and eighth line periods end. That is, input of video
signals to the signal line driver circuit 102, sampling of the
video signal in the signal line driver circuit 102, and writing of
data “A” of the sampled video signals can be completed at one
time during the second, sixth, and eighth line periods.

Accordingly, in the present invention, power consumption
of the signal line driver circuit 102 can be efficiently sup-
pressed even when a plurality of line periods where pieces of
data correspond to each other exist discontinuously. Further,
power consumption needed for inputting video signals to the
signal line driver circuit 102 can be suppressed, so that power
consumption of the display device as a whole can be sup-
pressed.

In addition, since the display device of the present inven-
tion includes a plurality of memory circuits in the driver
circuit, even when a plurality of groups formed of a plurality
of'line periods where pieces of data correspond to each other
exist, for example, a group formed of the second, sixth, and
eighth line periods corresponding to the data “A” and a group
formed of third, seventh, and tenth line periods corresponding
to the data “B”, data corresponding to each group can be held
in different memory circuits. Accordingly, in the memory
circuits in which the data is held, it is not necessary to rewrite
the data until all of the line periods in the group corresponding
to the data end. That is, input of a video signal to the signal
line driver circuit 102, sampling of the video signal in the
signal line driver circuit 102, and writing of data “A” of the
sampled video signal can be completed at one time during the
line periods in one group.

Accordingly, power consumption of the signal line driver
circuit can be efficiently suppressed even when a plurality of
groups each formed of a plurality of line periods where pieces
of data correspond to each other exist. Further, power con-
sumption needed for inputting video signals to the signal line
driver circuit can be suppressed, so that power consumption
of'the display device as a whole can be suppressed.

Note that FIG. 5 illustrates the case where two groups, for
example, the group formed of a plurality of line periods
corresponding to the data “A” and the group formed of a
plurality of line periods corresponding to the data “B” exist;
however, the number of groups is not limited to two. The
number of memory circuits is set as appropriate in accordance
with the number of groups in which writing of data to the
memory circuits should be omitted and timing of writing and
reading data in the memory circuit.

The case as shown in FIG. 5, for example, is considered in
which there is a gap between timing of writing data of a video
signal and timing of reading the data. In this case, line sequen-
tial driving in which data is written to all pixels belonging to
one line all at once can be performed. Further, in this case,
when a plurality of line periods, for example, a line period
corresponding to the data “C” and a line period corresponding
to the data “D”, each having data which does not correspond
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to that of the other line periods, continuously appear, a
memory circuit for writing non-corresponding data is neces-
sary in addition to a memory circuit for writing corresponding
data. Accordingly, the number of memory circuits provided in
the signal line driver circuit is preferably the number obtained
by adding one to the number of groups.

Alternatively, a structure which is different from FIG. 5, for
example, may be employed in which data of a video signal is
not written to a memory circuit but input as a video signal to
the pixel portion 100 directly from the sampling circuit. In
this case, dot sequential driving in which a signal is sequen-
tially written to each pixel can be performed. At this time, the
signal line driver circuit 102 is not necessarily provided with
amemory circuit for writing non-corresponding data, and it is
acceptable as long as the signal line driver circuit 102 is
provided with a memory circuit for writing corresponding
data. Accordingly, in this case, the number of memory circuits
provided in the signal line driver circuit 102 is preferably the
same as the number of groups.

Note that the signal line driver circuit 102 may be con-
trolled so as to write data of a video signal to a memory circuit
and input the written data as a video signal to the pixel portion
100 at the same time, which is different from FIG. 5. In this
case, both writing and reading of data to/from the memory
circuit can be performed in one line period. Accordingly, in a
structure capable of performing line sequential driving, the
signal line driver circuit 102 can perform dot sequential driv-
ing.

Asthe number of memory circuits is increased, the number
of writing of data to the memory circuits can be further
reduced, which leads to reduction in power consumption of
the signal line driver circuit. On the other hand, by suppress-
ing the number of memory circuits, a ratio of the area of a
substrate occupied by the signal line driver circuit can be
decreased.

In addition, this embodiment mode shows a display device
including one signal line driver circuit and one scan line
driver circuit; however, the present invention is not limited to
this structure. Two or more signal line driver circuits may be
provided, or two or more scan line driver circuits may be
provided.

When a plurality of signal line driver circuits are provided,
sampling of video signals can be sequentially performed by
the plurality of signal line driver circuits. Thus, driving fre-
quency of the signal line driver circuits can be reduced, and
power consumption can also be reduced. When a plurality of
scan line driver circuits are provided, a plurality of lines can
be selected at the same time and pieces of data can be con-
currently written; thus, one line period can be extended.
Accordingly, since driving frequency of the signal line driver
circuit can be reduced, power consumption can also be
reduced.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.
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Note that this embodiment mode shows examples of
embodying, slightly transforming, partially modifying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 2]

FIG. 6 is a block diagram of a display device of the present
invention. The display shown in FIG. 6 includes a memory for
storing video signals and a data comparison portion 110
which compares video signals stored in the memory in cor-
responding line periods in addition to the display device
shown in FIG. 1. FIG. 6 shows an example in which a RAM
(random access memory) 111 and a RAM 112 are used as the
memory for storing the video signals. For the RAMs 111 and
112, various RAMs such as an SDRAM (synchronous
dynamic random access memory), a DRAM (dynamic ran-
dom access memory), and an SRAM (static random access
memory) can be used.

In addition, the display device of the present invention may
include a control circuit 113 and a data format circuit 114 as
shown in FIG. 6. A clock signal CLK and a signal which is
used for reconstructing a screen in the pixel portion 100, such
as a horizontal synchronization signal Hsync used for hori-
zontal synchronization or a vertical synchronization signal
Vsync used for vertical synchronization are input to the con-
trol circuit 113. The control circuit 113 can generate the clock
signal S-CLK and the start pulse signal S-SP for controlling
operation of the signal line driver circuit 102, and a clock
signal G-CLK and a start pulse signal G-SP for controlling
operation of the scan line driver circuit 101 by using the input
signals.

The data format circuit 114 can generate a video signal
which meets specifications of the pixel portion 100, the scan
line driver circuit 101, and the signal line driver circuit 102 in
accordance with the signal from the control circuit 113 by
using input image data.

The video signal output from the data format circuit 114 is
stored in the RAM 111 or the RAM 112. This embodiment
mode describes the case where video signals corresponding
to one frame period is stored in each of the RAM 111 and the
RAM 112; however, the present invention is not limited to this
structure. Video signals corresponding to a period longer than
one frame period or video signals corresponding to a period
shorter than one frame period may be stored in each of the
RAM 111 and the RAM 112.

In addition, this embodiment mode shows an example in
which two RAMSs are used for the memories; however, the
number of memories is not limited to two in the present
invention. For example, video signals may be stored in three
or more memories, or one memory. Note that when a plurality
of memories are employed, writing of video signals to the
memories and reading of video signals from the memories
can be performed at the same time, so that driving speed of the
data comparison portion 110 can be further increased. Thus,
comparison of much more data can be performed, and power
consumption can be more efficiently suppressed.

Information on corresponding line periods is added to the
video signals stored in the RAM 111 and the RAM 112 by the
data format circuit 114. The data comparison portion 110
reads pieces of data of the video signals corresponding to
respective line periods from the RAM 111 or the RAM 112,
compares the pieces of data, and extracts a plurality of line
periods where pieces of data correspond to each other. Then,
the data comparison portion 110 generates the writing latch
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signals WS, to WS, so that the corresponding data is written
to one of memory circuits in accordance with timing of a line
period which appears first among the plurality of line periods
and the data written to the memory circuits is stored in the
memory circuits until a line period which appears last among
the plurality of line periods ends. Further, the data compari-
son portion 110 generates the reading latch signals RS, toRS,,
so that the data written to the memory circuits are input as
video signals to the pixel portion 100 in a plurality of line
periods where pieces of data correspond to each other. The
writing latch signals WS, to WS, and the reading latch signals
RS, to RS, which are generated are input from the data com-
parison portion 110 to the memory circuits in the signal line
driver circuit 102.

In addition, the data comparison portion 110 processes the
start pulse signal S-SP and the clock signal S-CLK input to
the data comparison portion 110 so that output of pulses is
stopped in a period during which writing is preformed in a
plurality of lines in accordance with timing at which a plu-
rality of line periods appear so that sampling of video signals
in the signal line driver circuit 102 can be completed at one
time since the first line period appears and until the last line
period ends through, in other words, in the plurality of line
periods where pieces of data of video signals correspond to
each other. Then, the data comparison portion 110 inputs the
processed start pulse signal S-SP and the clock signal S-CLK
to the shift register 103 in the signal line driver circuit 102.
With the aforementioned structure, sampling of video signals
in the sampling circuit 104 can be performed just once during
the plurality of line periods.

Further, the data comparison portion 110 controls output of
video signals in accordance with timing at which the plurality
of line periods appear so that input of video signals to the
signal line driver circuit 102 can be completed at one time
during the plurality of line periods where pieces of data of
video signals correspond to each other.

FIG. 7 shows an example of a specific structure of the data
comparison portion 110. In a block diagram shown in FIG. 7,
the data comparison portion 110 includes a comparator 115,
an address memory 116, an arithmetic circuit 117, a PLL
(phase locked loop) circuit 118, and a signal control circuit
119.

The arithmetic circuit 117 reads a video signal from the
RAM 111 or the RAM 112. For example, it is assumed that
the arithmetic circuit 117 reads video signals in a j-th line
period and video signals in a (j+a)th line period. The arith-
metic circuit 117 controls the comparator 115 so as to com-
pare pieces of data of the read video signals. When the pieces
of'data of'the video signals correspond to each other as aresult
of comparison by the comparator 115, the arithmetic circuit
117 makes the address memory 116 store information on line
periods the pieces of data of which correspond to each other.

The arithmetic circuit 117 needs to be driven at higher
speed as the number of line periods in which pieces of data
should be compared is increased. For example, when data
corresponding to one line period is compared with data cor-
responding to N pieces of line periods, the frequency of a
clock signal controlling driving of the arithmetic circuit 117 is
preferably N times the frequency of the clock signal S-CLK.
Accordingly, in the data comparison portion 110 shown in
FIG. 7, the frequency of the input clock signals S-CLK is
converted into N times by the PLL circuit 118 and the clock
signals S-CLK with the converted frequency are input to the
arithmetic circuit 117.

Note that a clock signal for controlling driving of the arith-
metic circuit 117 may be separately generated in the control
circuit 113, which is not shown in FIG. 7, and input to the
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arithmetic circuit 117. In this case, the frequency of the clock
signal for controlling driving of the arithmetic circuit 117 can
be controlled by the control circuit 113; thus, the PLL circuit
118 is not necessarily provided.

Further, the arithmetic circuit 117 reads information on
line periods the pieces of data of which correspond to each
other from the address memory 116. Then, the arithmetic
circuit 117 controls the signal control circuit 119 so that the
start pulse signal S-SP and the clock signal S-CLK which are
input to the data comparison portion 110 are processed in
accordance with timing at which the line periods appear. The
processed start pulse signal S-SP and clock signal S-CLK are
input from the signal control circuit 119 to the signal line
driver circuit 102.

Moreover, the arithmetic circuit 117 controls the signal
control circuit 119 so that the writing latch signals WS, to
WS, and the reading latch signals RS, to RS, are generated in
accordance with the timing at which the line periods appear.
The generated writing latch signals WS, to WS, and reading
latch signals RS, to RS, are input from the signal control
circuit 119 to the signal line driver circuit 102.

Furthermore, the arithmetic circuit 117 controls input of
video signals from the signal control circuit 119 to the signal
line driver circuit 102 in accordance with the timing at which
the line periods appear. For example, as shown in FIG. 7, in
the j-th line period, video signals in the j-th line period and
video signals in a (j+p)th line period are input to the arith-
metic circuit 117 and pieces of data are compared. Then,
regardless of the result of comparison, the arithmetic circuit
117 controls the signal control circuit 119 so that the video
signals in the j-th line period are output to the signal line
driver circuit 102. Next, as shown in FIG. 21, when the data of
the video signals in the j-th line period and the data of the
video signals in the (j+p)th line period correspond to each
other, the arithmetic circuit 117 stops output of the video
signals to the signal line driver circuit 102 in the (j+p)th line
period. On the other hand, when the data of the video signals
in the j-th line period and the data of the video signals in the
(j+p)th line period do not correspond to each other, the arith-
metic circuit 117 controls the signal control circuit 119 so that
the video signals in the (j+p)th line period is output to the
signal line driver circuit 102. Note that in the (j+p)th line
period, the video signals in the (j+p)th line period and video
signals in a (j+q)th period (p<q) are input to the arithmetic
circuit 117 and pieces of data are compared.

Note that the case is assumed in which a plurality of groups
each including a plurality of line periods corresponding to the
same data exist and the number of groups is larger than the
number of memory circuits which can store data. In this case,
a group in which data is written to a memory circuit earlier
may be preceded, and in the other groups, a normal operation,
that is, rewriting of data of video signals in the memory circuit
may be performed in each line period. Alternatively, even
when another data has been written to the memory circuit
earlier and a line period belonging to another group appears
later, data corresponding to another group may be written so
that the group is preceded.

Alternatively, data of a group in which the number of line
periods corresponding to the same data is large may be writ-
ten to the memory circuit so that the group is preceded. FIG.
8 shows a structure of the data comparison portion 110 in the
case where a plurality of groups each including a plurality of
line periods corresponding to the same data exist and priority
is given to the groups in accordance with the number of line
periods.

In a block diagram shown in FIG. 8, the data comparison
portion 110 includes a counter 120 in addition to the com-
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parator 115, the address memory 116, the arithmetic circuit
117, the PLL (phase locked loop) circuit 118, and the signal
control circuit 119. In the data comparison portion 110 shown
in FIG. 8, when pieces of data correspond to each other as a
result of comparison in the comparator 115, information on
the fact that the pieces of data correspond to each other is
transmitted to the counter 120. When the counter 120 counts
the number of line periods where pieces of data correspond to
each other based on the information, the arithmetic circuit
117 sets priorities to each group in accordance with the num-
ber of line periods. Then, the arithmetic circuit 117 controls
the signal control circuit 119 so that the signal control circuit
119 generates the writing latch signals WS, to WS, and the
reading latch signals RS, to RS, in order that data of a group
more highly preceded is preferentially stored in a memory
circuit.

Note that in the display device of the present invention
shown in FIG. 6, signal processing of the start pulse signal
S-SP and the clock signal S-CLK and generation of the writ-
ing latch signals WS, to WS, and the reading latch signals
RS, to RS, are all performed in the data comparison portion
110; however, these operations may be performed in the
control circuit 113. Next, an operation of the data comparison
portion 110 in the display device shown in FIG. 6 is described
with reference to FIG. 9 in the case where signal processing of
the start pulse signal S-SP and the clock signal S-CLK and
generation of the writing latch signals WS, to WS, and the
reading latch signals RS, to RS, are performed in the control
circuit 113.

In a block diagram shown in FIG. 9, the data comparison
portion 110 reads pieces of data of video signals correspond-
ing to each line period from the RAM 111 or the RAM 112,
compares the pieces of data, and extracts a plurality of line
periods where pieces of data of video signals correspond to
each other. Then, a signal including information on which line
periods are extracted is input to the control circuit 113 as a
timing control signal. Further, the data comparison portion
110 controls output of video signals in accordance with tim-
ing at which the plurality of line periods appear so that input
of video signals to the signal line driver circuit 102 can be
completed at one time during the plurality of line periods
where the pieces of data of video signals correspond to each
other.

The control circuit 113 generates the writing latch signals
WS, to WS, in accordance with the input timing control
signal so that the corresponding data is written to one of
memory circuits in accordance with timing of a line period
which appears first among the plurality of line periods where
the pieces of data correspond to each other and the data
written to the memory circuit is stored in the memory circuit
until a line period which appears last among the plurality of
line periods ends. Further, the control circuit 113 generates
the reading latch signals RS, to RS, in accordance with the
timing control signal input thereto so that the data written to
the memory circuit is input as video signals to the pixel
portion 100 in the plurality of line periods where the pieces of
data correspond to each other. The writing latch signals WS,
to WS, and reading latch signals RS, to RS, which are gen-
erated are input from the control circuit 113 to the memory
circuit in the signal line driver circuit 102.

The clock signal CLK and a signal used for reconstructing
a screen in the pixel portion 100, such as the horizontal
synchronization signal Hsync used for horizontal synchroni-
zation or the vertical synchronization signal Vsync used for
vertical synchronization are input to the control circuit 113.
The control circuit 113 can generate the clock signal S-CLK
and the start pulse signal S-SP for controlling the operation of
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the signal line driver circuit 102, the clock signal G-CLK and
the start pulse signal G-SP for controlling the operation of the
scan line driver circuit 101, and a clock signal A-CLK for
controlling the driving of the data comparison portion 110 by
using the input signals. The clock signal A-CLK is output
from the control circuit 113 to the data comparison portion
110. The control circuit 113 processes the start pulse signal
S-SP and the clock signal S-CLK in accordance with the input
timing control signal so that sampling of video signals in the
signal line driver circuit 102 can be completed at one time
during a plurality of line periods where pieces of data of video
signals correspond to each other, and inputs the processed
start pulse signal S-SP and clock signal S-CLK to the shift
register 103 in the signal line driver circuit 102. With the
aforementioned structure, sampling of video signals in the
sampling circuit 104 can be performed just once through a
plurality of line periods.

Next, an operation of the data comparison portion 110
shown in FIGS. 7 and 8 is described with reference to FIG. 10
in the case where signal processing of the start pulse signal
S-SP and the clock signal S-CLK and generation of the writ-
ing latch signals WS, to WS, and the reading latch signals
RS, to RS, are performed in the control circuit 113. Note that
FIG. 10 shows the operation of the data comparison portion
110 shown in FIG. 8 as an example; however, the operation of
the data comparison portion 110 shown in FIG. 7 can be
similarly described.

In FIG. 10, the arithmetic circuit 117 reads information on
line periods where the pieces of data correspond to each other
from the address memory 116. Then, the arithmetic circuit
117 controls the signal control circuit 119 so that the signal
control circuit 119 generates a timing control signal including
information on which line periods are extracted based on the
information. The generated timing control signal is input
from the signal control circuit 119 to the control circuit 113.

Further, in the data comparison portion 110 shown in FIG.
10, the frequency of the input clock signal A-CLK is con-
verted into N times by the PLL circuit 118 and the input clock
signal A-CLK with the converted frequency is input to the
arithmetic circuit 117. The frequency of the clock signal
A-CLK for controlling the driving of the arithmetic circuit
117 may be separately converted by the control circuit 113
and the input clock signal A-CLK with the converted fre-
quency is input to the arithmetic circuit 117. In this case, the
frequency of the clock signal for controlling the driving of the
arithmetic circuit 117 is controlled by the control circuit 113;
thus, the PLL circuit 118 is not necessarily provided.

Inthe display device of the present invention, data of video
signals corresponding to a plurality of line periods or a plu-
rality of frame periods is stored in the RAM 111 and the RAM
112; thus, the data comparison portion 110 can compare data
of'video signals corresponding to one line period with data of
video signals corresponding to other line periods. Accord-
ingly, comparison of not only pieces of data corresponding to
adjacent line periods but also pieces of data corresponding to
much more line periods can be performed, so that power
consumption of the signal line driver circuit 102 can be effi-
ciently suppressed.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
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to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 3]

In this embodiment mode, a structure of a scan line driver
circuit included in a display device of the present invention is
described. FIG. 11 shows a block diagram of a structure of the
display device ofthe present invention as an example. FIG. 11
shows a more detailed structure of the scan line driver circuit
101 inthe display device shown in FIG. 1. InFIG. 11, the scan
line driver circuit 101 includes a shift register 121 and a buffer
122.

The start pulse signal G-SP and the clock signal G-CLK are
input to the scan line driver circuit 101. The shift register 103
generates selection signals, pulses of which are sequentially
shifted, in accordance with the start pulse signal G-SP and the
clock signal G-CLK. The buffer 122 shapes waveforms of the
generated selection signal or amplifies the generated selec-
tion signal and inputs the signal to the pixel portion 100. The
selection signals are input to pixels in each line, and one line
can be selected from a plurality of lines by the pulses of the
selection signals.

Note that waveform shaping corresponds to controlling the
pulse width by a logic circuit using a logic element such as an
AND gate, an OR gate, a NAND gate, or a NOR gate. In
addition, amplification corresponds to changing amplitude of
a signal by using a level shifter, a differential amplifier circuit,
or the like, and impedance matching with a wiring in the pixel
portion due to size adjustment or the like of a transistor.

A video signal is input from the signal line driver circuit
102 to pixels in the selected line.

The contents (or part of the contents) described in each
drawing in this embodiment mode can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 4]

In this embodiment mode, a structure of a display device of
the present invention is described in which an analog video
signal is input to a pixel portion. FIG. 12 shows a diagram of
a structure of the display device of the present invention as an
example.

The display device of the present invention shown in FIG.
12 includes a pixel portion 200 including a plurality of pixels,
a scan line driver circuit 201 which can select a plurality of
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pixels in each line, and a signal line driver circuit 202 which
controls input of a video signal to pixels in a selected line. The
signal line driver circuit 202 includes at least a shift register
203, a sampling circuit 204, a plurality of memory circuits,
and a digital/analog (D/A) converter circuit 209. FIG. 12
shows an example in which a first latch 205, a second latch
206, a third latch 207, and a fourth latch 208 are used for the
plurality of memory circuits. Note that the number of latches
used in the display device of the present invention is not
limited to four, and the number of latches may be two or three,
or may be five or more.

Next, an operation of the signal line driver circuit 202 is
described. In the display device shown in FIG. 12, the clock
signal S-CLK and the start pulse signal S-SP are input to the
shift register 203, similarly to the case of FIG. 1. The shift
register 203 generates timing signals, pulses of which are
sequentially shifted, in accordance with the clock signal
S-CLK and the start pulse signal S-SP and inputs the timing
signal to the sampling circuit 204. The sampling circuit 204
samples video signals for one line period, which are input to
the signal line driver circuit 202, in accordance with the input
timing signal. Then, when all the video signals for one line
period are sampled, the sampled video signals are output all at
once to one or a plurality of the first latch 205, the second latch
206, the third latch 207, and the fourth latch 208.

Note that in this embodiment mode, an example is
described in which all the video signals for one line period are
sampled and thereafter, the sampled video signals are input all
at once to the memory circuit in the lower stage; however, the
present invention is not limited to this structure. A video
signal corresponding to each pixel may be sampled and input
in each time to the memory circuit in the lower stage without
waiting for completion of one line period.

In addition, video signals may be sampled sequentially in
corresponding pixels, or pixels in one line may be divided into
several groups and video signals may be sampled in each
pixel corresponding to each group at the same time.

Inthis embodiment mode, the number of memory elements
included in each memory circuit is determined in accordance
with the number of bits of a digital video signal to be input.
For example, when display is performed with an 8-bit video
signal, each of the first latch 205, the second latch 206, the
third latch 207, and the fourth latch 208 includes flip-flop
circuits which are eight times the number of pixels included in
one line.

The writing latch signals WS, to WS, which control writ-
ing of data included in the video signal and the reading latch
signals RS, to RS, which control reading of stored data are
input to the first latch 205, the second latch 206, the third latch
207, and the fourth latch 208, respectively. Specifically, the
writing latch signal WS, and the reading latch signal RS, are
input to the first latch 205. The writing latch signal WS, and
the reading latch signal RS, are input to the second latch 206.
The writing latch signal WS; and the reading latch signal RS,
are input to the third latch 207. The writing latch signal WS,
and the reading latch signal RS, are input to the fourth latch
208.

In accordance with the writing latch signals WS, to WS,,
data of video signals for one line period, which are output
from the signal line driver circuit 202, are written to and
stored in the first latch 205, the second latch 206, the third
latch 207, or the fourth latch 208. Further, in accordance with
the reading latch signals RS, to RS, the data stored in the first
latch 205, the second latch 206, the third latch 207, or the
fourth latch 208 is input to as a video signal to the D/A
converter circuit 209. The D/A converter circuit 209 converts
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the input digital video signal into an analog video signal and
inputs the analog video signal to the pixel portion 200.

Note that although the pixel portion 200 is directly con-
nected to the next stage of the D/A converter circuit 209 in
FIG. 12, the present invention is not limited to this structure.
A circuit which processes the analog video signal output from
the D/A converter circuit 209 can be provided in a previous
stage of the pixel portion 200. Examples of the circuit which
performs signal processing include a buffer which can shape
a waveform and a level shifter which can amplify amplitude.

Then, at the same time as inputting a video signal to the
pixel portion 200 from the D/A converter circuit 209, the
sampling circuit 204 can sample a video signal corresponding
to the next line period again. Note that in the present inven-
tion, when the same data as the video signal corresponding to
the next line period is stored in advance in one of the first latch
205, the second latch 206, the third latch 207, and the fourth
latch 208, sampling of the video signal in the sampling circuit
204 can be stopped.

When sampling is stopped, input of pulses of one or both of
the clock signal S-CLK and the start pulse signal S-SP to the
shift register 203 is stopped, and generation of a pulse of the
timing signal in the shift register 203 is stopped. When output
of the pulse of the timing signal from the shift register 203 is
stopped, the sampling circuit 204 stops sampling of the video
signal. Then, in accordance with the reading latch signals RS,
to RS, the same data as the video signal corresponding to the
next line period is input as a video signal to the D/A converter
circuit 209 from one of the first latch 205, the second latch
206, the third latch 207, and the fourth latch 208. The D/A
converter circuit 209 converts the input digital video signal
into an analog video signal and inputs the analog video signal
to the pixel portion 200.

As shown in this embodiment mode, in the display device
of the present invention, a display element included in the
pixel of the pixel portion 200 can perform display using an
analog video signal.

The contents (or part of the contents) described in each
drawing in this embodiment mode can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 5]

In this embodiment mode, a pixel structure of a display
device is described. In particular, a pixel structure of a liquid
crystal display device is described.

A pixel structure in the case where each liquid crystal mode
and a transistor are combined is described with reference to
cross-sectional views of a pixel.

Note that as the transistor, a thin film transistor (a TFT) or
the like including a non-single crystalline semiconductor
layer typified by amorphous silicon, polycrystalline silicon,
micro crystalline (also referred to as semi-amorphous) sili-
con, or the like can be used.

As a structure of the transistor, a top-gate structure, a bot-
tom-gate structure, or the like can be used. Note that a chan-
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nel-etched transistor, a channel-protective transistor, or the
like can be used as a bottom-gate transistor.

FIG. 22 is an example of a cross-sectional view of a pixel in
the case where a TN mode and a transistor are combined. By
applying the pixel structure shown in FIG. 22 to a liquid
crystal display device, a liquid crystal display device can be
formed at low cost.

Features of the pixel structure shown in FIG. 22 are
described. Liquid crystal molecules 10118 shown in FIG. 22
are long and narrow molecules each having a major axis and
a minor axis. In FIG. 22, a direction of each of the liquid
crystal molecules 10118 is expressed by the length thereof.
That is, the direction of the major axis of the liquid crystal
molecule 10118, which is expressed as long, is parallel to the
page, and as the liquid crystal molecule 10118 is expressed to
be shorter, the direction of the major axis becomes closer to a
normal direction of the page. That is, among the liquid crystal
molecules 10118 shown in FIG. 22, the direction of the major
axis of the liquid crystal molecule 10118 which is close to the
first substrate 10101 and the direction of the major axis of the
liquid crystal molecule 10118 which is close to the second
substrate 10116 are different from each other by 90 degrees,
and the directions of the major axes of the liquid crystal
molecules 10118 located therebetween are arranged so as to
link the above two directions smoothly. That is, the liquid
crystal molecules 10118 shown in FIG. 22 are aligned to be
twisted by 90 degrees between the first substrate 10101 and
the second substrate 10116.

Note that the case is described in which a bottom-gate
transistor using an amorphous semiconductor is used as the
transistor. In the case where a transistor using an amorphous
semiconductor is used, a liquid crystal display device can be
formed at low cost by using a large substrate.

A liquid crystal display device includes a basic portion
displaying images, which is called a liquid crystal panel. The
liquid crystal panel is manufactured as follows: two pro-
cessed substrates are attached to each other with a gap of
several pm therebetween, and a liquid crystal material is
injected into a space between the two substrates, In FIG. 22,
the two substrates correspond to the first substrate 10101 and
the second substrate 10116. A transistor and a pixel electrode
are formed over the first substrate. A light-shielding film
10114, a color filter 10115, a fourth conductive layer 10113,
a spacer 10117, and a second alignment film 10112 are
formed on the second substrate.

The light-shielding film 10114 is not necessarily formed on
the second substrate 10116. When the light-shielding film
10114 is not formed, the number of steps is reduced, so that
manufacturing cost can be reduced. In addition, since a struc-
ture is simple when the light-shielding film 10114 is not
formed, yield can be improved. Alternatively, when the light-
shielding film 10114 is formed, a display device with little
light leakage at the time of black display can be obtained.

The color filter 10115 is not necessarily formed on the
second substrate 10116. When the color filter 10115 is not
formed, the number of steps is reduced, so that manufacturing
cost can be reduced. In addition, since a structure is simple
when the color filter 10115 is not formed, yield can be
improved. Note that even when the color filter 10115 is not
formed, a display device which can perform color display can
be obtained by field sequential driving. Alternatively, when
the color filter 10115 is formed, a display device which can
perform color display can be obtained.

Spherical spacers may be dispersed on the second substrate
10116 instead of forming the spacer 10117. When the spheri-
cal spacers are dispersed, the number of steps is reduced, so
that manufacturing cost can be reduced. In addition, since a
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structure is simple when the spherical spacers are dispersed,
yield can be improved. Alternatively, when the spacer 10117
is formed, a distance between the two substrates can be uni-
form because a position of the spacer is not varied, so that a
display device with little display unevenness can be obtained.

A process to be performed to the first substrate 10101 is
described.

First, a first insulating film 10102 is formed over the first
substrate 10101 by sputtering, a printing method, a coating
method, or the like. Note that the first insulating film 10102 is
not necessarily formed. The first insulating film 10102 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10101 which
affects a semiconductor layer.

Next, a first conductive layer 10103 is formed over the first
insulating film 10102 by photolithography, a laser direct writ-
ing method, an inkjet method, or the like.

Next, a second insulating film 10104 is formed over the
entire surface by sputtering, a printing method, a coating
method, or the like. The second insulating film 10104 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10101 which
affects the semiconductor layer.

Next, a first semiconductor layer 10105 and a second semi-
conductor layer 10106 are formed. Note that the first semi-
conductor layer 10105 and the second semiconductor layer
10106 are formed sequentially and shapes thereof are pro-
cessed at the same time.

Next, a second conductive layer 10107 is formed by pho-
tolithography, a laser direct writing method, an inkjet method,
or the like. Note that as a method for etching which is per-
formed at the time of processing a shape of the second con-
ductive layer 10107, dry etching is preferable. Note that either
a light-transmitting material or a reflective material may be
used for the second conductive layer 10107.

Next, a channel formation region of the transistor is
formed. Here, an example of a step thereof is described. The
second semiconductor layer 10106 is etched by using the
second conductive layer 10107 as a mask. Alternatively, the
second semiconductor layer 10106 is etched by using a mask
for processing the shape of the second conductive layer
10107. Then, the first conductive layer 10103 at a position
where the second semiconductor layer 10106 is removed
serves as the channel formation region of the transistor. Thus,
the number of masks can be reduced, so that manufacturing
cost can be reduced.

Next, a third insulating film 10108 is formed and a contact
hole is selectively formed in the third insulating film 10108.
Note that a contact hole may be formed also in the second
insulating film 10104 at the same time as forming the contact
hole in the third insulating film 10108. Note that a surface of
the third insulating film 10108 is preferably as even as pos-
sible. This is because alignment of the liquid crystal mol-
ecules are affected by unevenness of a surface with which the
liquid crystal is in contact.

Next, a third conductive layer 10109 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like.

Next, a first alignment film 10110 is formed. Note that after
the first alignment film 10110 is formed, rubbing may be
performed so as to control the alignment of the liquid crystal
molecules. Rubbing is a step of forming stripes on an align-
ment film by rubbing the alignment film with a cloth. By
performing rubbing, the alignment film can have alignment
properties.

The first substrate 10101 which is manufactured as
described above and the second substrate 10116 on which the
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light-shielding film 10114, the color filter 10115, the fourth
conductive layer 10113, the spacer 10117, and the second
alignment film 10112 are formed are attached to each other by
a sealant with a gap of several um therebetween. Then, a
liquid crystal material is injected into a space between the two
substrates. Note that in the TN mode, the fourth conductive
layer 10113 is formed over the entire surface of the second
substrate 10116.

FIG. 23A is an example of a cross-sectional view of a pixel
in the case where an MVA (multi-domain vertical alignment)
mode and a transistor are combined. By applying the pixel
structure shown in FIG. 23 A to a liquid crystal display device,
a liquid crystal display device having a wide viewing angle,
high response speed, and high contrast can be obtained.

Features of the pixel structure shown in FIG. 23A are
described. Liquid crystal molecules 10218 shown in FIG.
23A are long and narrow molecules each having a major axis
and a minor axis. In FIG. 23 A, a direction of each of the liquid
crystal molecules 10218 is expressed by the length thereof.
That is, the direction of the major axis of the liquid crystal
molecule 10218, which is expressed as long, is parallel to the
page, and as the liquid crystal molecule 10218 is expressed to
be shorter, the direction of the major axis becomes closer to a
normal direction of the page. That is, each of the liquid crystal
molecules 10218 shown in FIG. 23 A is aligned such that the
direction of the major axis is normal to the alignment film.
Thus, the liquid crystal molecules 10218 at a position where
an alignment control protrusion 10219 is formed are aligned
radially with the alignment control protrusion 10219 as a
center. With this state, a liquid crystal display device having a
wide viewing angle can be obtained.

Note that the case is described in which a bottom-gate
transistor using an amorphous semiconductor is used as the
transistor. In the case where a transistor using an amorphous
semiconductor is used, a liquid crystal display device can be
formed at low cost by using a large substrate.

A liquid crystal display device includes a basic portion
displaying images, which is called a liquid crystal panel. The
liquid crystal panel is manufactured as follows: two pro-
cessed substrates are attached to each other with a gap of
several pm therebetween, and a liquid crystal material is
injected into a space between the two substrates. In FIG. 23A,
the two substrates correspond to the first substrate 10201 and
the second substrate 10216. A transistor and a pixel electrode
are formed over the first substrate. A light-shielding film
10214, a color filter 10215, a fourth conductive layer 10213,
aspacer 10217, a second alignment film 10212, and an align-
ment control protrusion 10219 are formed on the second
substrate.

The light-shielding film 10214 is not necessarily formed on
the second substrate 10216. When the light-shielding film
10214 is not formed, the number of steps is reduced, so that
manufacturing cost can be reduced. In addition, since a struc-
ture is simple when the light-shielding film 10214 is not
formed, yield can be improved. Alternatively, when the light-
shielding film 10214 is formed, a display device with little
light leakage at the time of black display can be obtained.

The color filter 10215 is not necessarily formed on the
second substrate 10216. When the color filter 10215 is not
formed, the number of steps is reduced, so that manufacturing
cost can be reduced. In addition, since a structure is simple
when the color filter 10215 is not formed, yield can be
improved. Note that even when the color filter 10215 is not
formed, a display device which can perform color display can
be obtained by field sequential driving. Alternatively, when
the color filter 10215 is formed, a display device which can
perform color display can be obtained.
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Spherical spacers may be dispersed on the second substrate
10216 instead of forming the spacer 10217. When the spheri-
cal spacers are dispersed, the number of steps is reduced, so
that manufacturing cost can be reduced. In addition, since a
structure is simple when the spherical spacers are dispersed,
yield can be improved. Alternatively, when the spacer 10217
is formed, a distance between the two substrates can be uni-
form because a position of the spacer is not varied, so that a
display device with little display unevenness can be obtained.

A process to be performed to the first substrate 10201 is
described.

First, a first insulating film 10202 is formed over the first
substrate 10201 by sputtering, a printing method, a coating
method, or the like. Note that the first insulating film 10202 is
not necessarily formed. The first insulating film 10202 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10201 which
affects a semiconductor layer.

Next, a first conductive layer 10203 is formed over the first
insulating film 10202 by photolithography, a laser direct writ-
ing method, an inkjet method, or the like.

Next, a second insulating film 10204 is formed over the
entire surface by sputtering, a printing method, a coating
method, or the like. The second insulating film 10204 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10201 which
affects the semiconductor layer.

Next, a first semiconductor layer 10205 and a second semi-
conductor layer 10206 are formed. Note that the first semi-
conductor layer 10205 and the second semiconductor layer
10206 are formed sequentially and shapes thereof are pro-
cessed at the same time.

Next, a second conductive layer 10207 is formed by pho-
tolithography, a laser direct writing method, an inkjet method,
or the like. Note that as a method for etching which is per-
formed at the time of processing a shape of the second con-
ductive layer 10207, dry etching is preferable. Note that as the
second conductive layer 10207, either a light-transmitting
material or a reflective material may be used.

Next, a channel formation region of the transistor is
formed. Here, an example of a step thereof is described. The
second semiconductor layer 10206 is etched by using the
second conductive layer 10207 as a mask. Alternatively, the
second semiconductor layer 10206 is etched by using a mask
for processing the shape of the second conductive layer
10207. Then, the first conductive layer 10203 at a position
where the second semiconductor layer 10206 is removed
serves as the channel formation region of the transistor. Thus,
the number of masks can be reduced, so that manufacturing
cost can be reduced.

Next, a third insulating film 10208 is formed and a contact
hole is selectively formed in the third insulating film 10208.
Note that a contact hole may be formed also in the second
insulating film 10204 at the same time as forming the contact
hole in the third insulating film 10208.

Next, a third conductive layer 10209 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like.

Next, a first alignment film 10210 is formed. Note that after
the first alignment film 10210 is formed, rubbing may be
performed so as to control the alignment of the liquid crystal
molecules. Rubbing is a step of forming stripes on an align-
ment film by rubbing the alignment film with a cloth. By
performing rubbing, the alignment film can have alignment
properties.

The first substrate 10201 which is manufactured as
described above and the second substrate 10216 on which the

10

15

20

25

30

35

40

45

50

55

60

65

36

light-shielding film 10214, the color filter 10215, the fourth
conductive layer 10213, the spacer 10217, and the second
alignment film 10212 are manufactured are attached to each
other by a sealant with a gap of several um therebetween.
Then, a liquid crystal material is injected into a space between
the two substrates. Note that in the MVA mode, the fourth
conductive layer 10213 is formed over the entire surface of
the second substrate 10216. Note that the alignment control
protrusion 10219 is formed so as to be in contact with the
fourth conductive layer 10213. The alignment control protru-
sion 10219 preferably has a shape with a smooth curved
surface. Thus, alignment of the adjacent liquid crystal mol-
ecules 10218 is extremely similar, so that an alignment defect
can be reduced. Further, a defect of the alignment film caused
by breaking of the alignment film can be reduced.

FIG. 23B is an example of a cross-sectional view of a pixel
in the case where a PVA (patterned vertical alignment) mode
and a transistor are combined. By applying the pixel structure
shown in FIG. 23B to a liquid crystal display device, a liquid
crystal display device having a wide viewing angle, high
response speed, and high contrast can be obtained.

Features of the pixel structure shown in FIG. 23B are
described. Liquid crystal molecules 10248 shown in FIG.
23B are long and narrow molecules each having a major axis
and a minor axis. In FIG. 23B, direction of each of the liquid
crystal molecules 10248 is expressed by the length thereof.
That is, the direction of the major axis of the liquid crystal
molecule 10248, which is expressed as long, is parallel to the
page, and as the liquid crystal molecule 10248 is expressed to
be shorter, the direction of the major axis becomes closer to a
normal direction of the page. That is, each of the liquid crystal
molecules 10248 shown in FIG. 23B is aligned such that the
direction of the major axis is normal to the alignment film.
Thus, the liquid crystal molecules 10248 at a position where
an electrode notch portion 10249 is formed are aligned radi-
ally with a boundary of the electrode notch portion 10249 and
the fourth conductive layer 10243 as a center. With this state,
a liquid crystal display device having a wide viewing angle
can be obtained.

Note that the case is described in which a bottom-gate
transistor using an amorphous semiconductor is used as the
transistor. In the case where a transistor using an amorphous
semiconductor is used, a liquid crystal display device can be
formed at low cost by using a large substrate.

A liquid crystal display device includes a basic portion
displaying images, which is called a liquid crystal panel. The
liquid crystal panel is manufactured as follows: two pro-
cessed substrates are attached to each other with a gap of
several pm therebetween, and a liquid crystal material is
injected into a space between the two substrates. In FIG. 23B,
the two substrates correspond to the first substrate 10231 and
the second substrate 10246. A transistor and a pixel electrode
are formed over the first substrate. A light-shielding film
10244, a color filter 10245, a fourth conductive layer 10243,
a spacer 10247, and a second alignment film 10242 are
formed on the second substrate.

The light-shielding film 10244 is not necessarily formed on
the second substrate 10246. When the light-shielding film
10244 is not formed, the number of steps is reduced, so that
manufacturing cost can be reduced. In addition, since a struc-
ture is simple when the light-shielding film 10244 is not
formed, yield can be improved. Alternatively, when the light-
shielding film 10244 is formed, a display device with little
light leakage at the time of black display can be obtained.

The color filter 10245 is not necessarily formed on the
second substrate 10246. When the color filter 10245 is not
formed, the number of steps is reduced, so that manufacturing
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cost can be reduced. In addition, since a structure is simple
when the color filter 10245 is not formed, yield can be
improved. Note that even when the color filter 10245 is not
formed, a display device which can perform color display can
be obtained by field sequential driving. Alternatively, when
the color filter 10245 is formed, a display device which can
perform color display can be obtained.

Spherical spacers may be dispersed on the second substrate
10246 instead of forming the spacer 10247. When the spheri-
cal spacers are dispersed, the number of steps is reduced, so
that manufacturing cost can be reduced. In addition, since a
structure is simple when the spherical spacers are dispersed,
yield can be improved. Alternatively, when the spacer 10247
is formed, a distance between the two substrates can be uni-
form because a position of the spacer is not varied, so that a
display device with little display unevenness can be obtained.

A process to be performed to the first substrate 10231 is
described.

First, a first insulating film 10232 is formed over the first
substrate 10231 by sputtering, a printing method, a coating
method, or the like. Note that the first insulating film 10232 is
not necessarily formed. The first insulating film 10232 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10231 which
affects a semiconductor layer.

Next, a first conductive layer 10233 is formed over the first
insulating film 10232 by photolithography, a laser direct writ-
ing method, an inkjet method, or the like.

Next, a second insulating film 10234 is formed over the
entire surface by sputtering, a printing method, a coating
method, or the like. The second insulating film 10234 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10231 which
affects the semiconductor layer.

Next, a first semiconductor layer 10235 and a second semi-
conductor layer 10236 are formed. Note that the first semi-
conductor layer 10235 and the second semiconductor layer
10236 are formed sequentially and shapes thereof are pro-
cessed at the same time.

Next, a second conductive layer 10237 is formed by pho-
tolithography, a laser direct writing method, an inkjet method,
or the like. Note that as a method for etching which is per-
formed at the time of processing a shape of the second con-
ductive layer 10237, dry etching is preferable. Note that as the
second conductive layer 10237, either a light-transmitting
material or a reflective material may be used.

Next, a channel formation region of the transistor is
formed. Here, an example of a step thereof is described. The
second semiconductor layer 10236 is etched by using the
second conductive layer 10237 as a mask. Alternatively, the
second semiconductor layer 10236 is etched by using a mask
for processing the shape of the second conductive layer
10107. Then, the first conductive layer 10233 at a position
where the second semiconductor layer 10236 is removed
serves as the channel formation region of the transistor. Thus,
the number of masks can be reduced, so that manufacturing
cost can be reduced.

Next, a third insulating film 10238 is formed and a contact
hole is selectively formed in the third insulating film 10238.
Note that a contact hole may be formed also in the second
insulating film 10234 at the same time as forming the contact
hole in the third insulating film 10238. Note that a surface of
the third insulating film 10238 is preferably as even as pos-
sible. This is because alignment of the liquid crystal mol-
ecules are affected by unevenness of a surface with which the
liquid crystal is in contact.
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Next, a third conductive layer 10239 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like.

Next, a first alignment film 10240 is formed. Note that after
the first alignment film 10240 is formed, rubbing may be
performed so as to control the alignment of the liquid crystal
molecules. Rubbing is a step of forming stripes on an align-
ment film by rubbing the alignment film with a cloth. By
performing rubbing, the alignment film can have alignment
properties.

The first substrate 10231 which is manufactured as
described above and the second substrate 10246 on which the
light-shielding film 10244, the color filter 10245, the fourth
conductive layer 10243, the spacer 10247, and the second
alignment film 10242 are manufactured are attached to each
other by a sealant with a gap of several um therebetween.
Then, a liquid crystal material is injected into a space between
the two substrates. Note that in the PVA mode, the fourth
conductive layer 10243 is patterned and is provided with the
electrode notch portion 10249. Although a shape of the elec-
trode notch portion 10249 is not particularly limited, the
electrode notch portion 10249 preferably has a shape in
which a plurality of rectangles having different directions are
combined. Thus, a plurality of regions having different align-
ment can be formed, so that a liquid crystal display device
having a wide viewing angle can be obtained. Note that the
fourth conductive layer 10243 at the boundary between the
electrode notch portion 10249 and the fourth conductive layer
10243 preferably has a shape with a smooth curved surface.
Thus, alignment of the adjacent liquid crystal molecules
10248 is extremely similar, so that an alignment defect is
reduced. Further, a defect of the alignment film caused by
breaking of the second alignment film 10242 by the electrode
notch portion 10249 can be prevented.

FIG. 24A is an example of a cross-sectional view of a pixel
in the case where an IPS (in-plane-switching) mode and a
transistor are combined. By applying the pixel structure
shown in FIG. 24A to a liquid crystal display device, a liquid
crystal display device theoretically having a wide viewing
angle and response speed which has low dependency on a
gray scale can be obtained.

Features of the pixel structure shown in FIG. 24A are
described. Liquid crystal molecules 10318 shown in FIG.
24A are long and narrow molecules each having a major axis
and a minor axis. In FIG. 24 A, a direction of each of the liquid
crystal molecules 10318 is expressed by the length thereof.
That is, the direction of the major axis of the liquid crystal
molecule 10318, which is expressed as long, is parallel to the
page, and as the liquid crystal molecule 10318 is expressed to
be shorter, the direction of the major axis becomes closer to a
normal direction of the page. That is, each of the liquid crystal
molecules 10318 shown in FIG. 24A is aligned so that the
direction of the major axis thereof is always horizontal to the
substrate. Although FIG. 24A shows alignment with no elec-
tric field, when an electric field is applied to each of the liquid
crystal molecules 10318, each of the liquid crystal molecules
10318 rotates in a horizontal plane as the direction of the
major axis thereof is always horizontal to the substrate. With
this state, a liquid crystal display device having a wide view-
ing angle can be obtained.

Note that the case is described in which a bottom-gate
transistor using an amorphous semiconductor is used as the
transistor. In the case where a transistor using an amorphous
semiconductor is used, a liquid crystal display device can be
formed at low cost by using a large substrate.

A liquid crystal display device includes a basic portion
displaying images, which is called a liquid crystal panel. The
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liquid crystal panel is manufactured as follows: two pro-
cessed substrates are attached to each other with a gap of
several pm therebetween, and a liquid crystal material is
injected into a space between the two substrates. In FIG. 24A,
the two substrates correspond to the first substrate 10301 and
the second substrate 10316. A transistor and a pixel electrode
are formed over the first substrate. A light-shielding film
10314, a color filter 10315, a fourth conductive layer 10313,
a spacer 10317, and a second alignment film 10312 are
formed on the second substrate.

The light-shielding film 10314 is not necessarily formed on
the second substrate 10316. When the light-shielding film
10314 is not formed, the number of steps is reduced, so that
manufacturing cost can be reduced. In addition, since a struc-
ture is simple when the light-shielding film 10314 is not
formed, yield can be improved. Alternatively, when the light-
shielding film 10314 is formed, a display device with little
light leakage at the time of black display can be obtained.

The color filter 10315 is not necessarily formed on the
second substrate 10316. When the color filter 10315 is not
formed, the number of steps is reduced, so that manufacturing
cost can be reduced. In addition, since a structure is simple
when the color filter 10315 is not formed, yield can be
improved. Note that even when the color filter 10315 is not
formed, a display device which can perform color display can
be obtained by field sequential driving. Alternatively, when
the color filter 10315 is formed, a display device which ran
perform color display can be obtained.

Spherical spacers may be dispersed on the second substrate
10316 instead of forming the spacer 10317. When the spheri-
cal spacers are dispersed, the number of steps is reduced, so
that manufacturing cost can be reduced. In addition, since a
structure is simple when the spherical spacers are dispersed,
yield can be improved. Alternatively, when the spacer 10317
is formed, a distance between the two substrates can be uni-
form because a position of the spacer is not varied, so that a
display device with little display unevenness can be obtained.

A process to be performed to the first substrate 10301 is
described.

First, a first insulating film 10302 is formed over the first
substrate 10301 by sputtering, a printing method, a coating
method, or the like. Note that the first insulating film 10302 is
not necessarily formed. The first insulating film 10302 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10301 which
affects a semiconductor layer.

Next, a first conductive layer 10303 is formed over the first
insulating film 10302 by photolithography, a laser direct writ-
ing method, an inkjet method, or the like.

Next, a second insulating film 10304 is formed over the
entire surface by sputtering, a printing method, a coating
method, or the like. The second insulating film 10304 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10301 which
affects the semiconductor layer.

Next, a first semiconductor layer 10305 and a second semi-
conductor layer 10306 are formed. Note that the first semi-
conductor layer 10305 and the second semiconductor layer
10306 are formed sequentially and shapes thereof are pro-
cessed at the same time.

Next, a second conductive layer 10307 is formed by pho-
tolithography, a laser direct writing method, an inkjet method,
or the like. Note that as a method for etching which is per-
formed at the time of processing a shape of the second con-
ductive layer 10307, dry etching is preferable. Note that as the
second conductive layer 10307, either a light-transmitting
material or a reflective material may be used.
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Next, a channel formation region of the transistor is
formed. Here, an example of a step thereof is described. The
second semiconductor layer 10106 is etched by using the
second conductive layer 10307 as a mask. Alternatively, the
second semiconductor layer 10306 is etched by using a mask
for processing the shape of the second conductive layer
10307. Then, the first conductive layer 10303 at a position
where the second semiconductor layer 10306 is removed
serves as the channel formation region of the transistor. Thus,
the number of masks can be reduced, so that manufacturing
cost can be reduced.

Next, a third insulating film 10308 is formed and a contact
hole is selectively formed in the third insulating film 10308.
Note that a contact hole may be formed also in the second
insulating film 10304 at the same time as forming the contact
hole in the third insulating film 10308.

Next, a third conductive layer 10309 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like. Here, the third conductive layer 10309 has a shape
in which two comb-shaped electrodes engage with each other.
One of the comb-shaped electrodes is electrically connected
to one of a source electrode and a drain electrode of the
transistor, and the other of the comb-shaped electrodes is
electrically connected to a common electrode. Thus, a hori-
zontal electric field can be effectively applied to the liquid
crystal molecules 10318.

Next, a first alignment film 10310 is formed. Note that after
the first alignment film 10310 is formed, rubbing may be
performed so as to control the alignment of the liquid crystal
molecules. Rubbing is a step of forming stripes on an align-
ment film by rubbing the alignment film with a cloth. By
performing rubbing, the alignment film can have alignment
properties.

The first substrate 10301 which is manufactured as
described above and the second substrate 10316 on which the
light-shielding film 10314, the color filter 10315, the spacer
10317, and the second alignment film 10312 are formed are
attached to each other by a sealant with a gap of several um
therebetween. Then, a liquid crystal material is injected into a
space between the two substrates.

FIG. 24B is an example of a cross-sectional view of a pixel
in the case where an FFS (fringe field switching) mode and a
transistor are combined. By applying the pixel structure
shown in FIG. 24B to a liquid crystal display device, a liquid
crystal display device theoretically having a wide viewing
angle and response speed which has low dependency on a
gray scale can be obtained.

Features of the pixel structure shown in FIG. 24B are
described. Liquid crystal molecules 10348 shown in FIG.
24B are long and narrow molecules each having a major axis
and a minor axis. In FIG. 24B, direction of each of the liquid
crystal molecules 10348 is expressed by the length thereof.
That is, the direction of the major axis of the liquid crystal
molecule 10348, which is expressed as long, is parallel to the
page, and as the liquid crystal molecule 10348 is expressed to
be shorter, the direction of the major axis becomes closer to a
normal direction of the page. That is, each of the liquid crystal
molecules 10348 shown in FIG. 24B is aligned so that the
direction of the major axis thereof is always horizontal to the
substrate. Although FIG. 24B shows alignment with no elec-
tric field, when an electric field is applied to each of the liquid
crystal molecules 10348, each of the liquid crystal molecules
10348 rotates in a horizontal plane as the direction of the
major axis thereof is always horizontal to the substrate. With
this state, a liquid crystal display device having a wide view-
ing angle can be obtained.
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Note that the case is described in which a bottom-gate
transistor using an amorphous semiconductor is used as the
transistor. In the case where a transistor using an amorphous
semiconductor is used, a liquid crystal display device can be
formed at low cost by using a large substrate.

A liquid crystal display device includes a basic portion
displaying images, which is called a liquid crystal panel. The
liquid crystal panel is manufactured as follows: two pro-
cessed substrates are attached to each other with a gap of
several pm therebetween, and a liquid crystal material is
injected into a space between the two substrates. In F1G. 24B,
the two substrates correspond to the first substrate 10331 and
the second substrate 10346. A transistor and a pixel electrode
are formed over the first substrate. A light-shielding film
10344, a color filter 10345, a fourth conductive layer 10343,
a spacer 10347, and a second alignment film 10342 are
formed on the second substrate.

The light-shielding film 10344 is not necessarily formed on
the second substrate 10346. When the light-shielding film
10344 is not formed, the number of steps is reduced, so that
manufacturing cost can be reduced. In addition, since a struc-
ture is simple when the light-shielding film 10344 is not
formed, yield can be improved. Alternatively, when the light-
shielding film 10344 is formed, a display device with little
light leakage at the time of black display can be obtained.

The color filter 10345 is not necessarily formed on the
second substrate 10346. When the color filter 10345 is not
formed, the number of steps is reduced, so that manufacturing
cost can be reduced. In addition, since a structure is simple
when the color filter 10345 is not formed, yield can be
improved. Note that even when the color filter 10345 is not
formed, a display device which can perform color display can
be obtained by field sequential driving. Alternatively, when
the color filter 10345 is formed, a display device which can
perform color display can be obtained.

Spherical spacers may be dispersed on the second substrate
10346 instead of forming the spacer 10347. When the spheri-
cal spacers are dispersed, the number of steps is reduced, so
that manufacturing cost can be reduced. In addition, since a
structure is simple when the spherical spacers are dispersed,
yield can be improved. Alternatively, when the spacer 10347
is formed, a distance between the two substrates can be uni-
form because a position of the spacer is not varied, so that a
display device with little display unevenness can be obtained.

A process to be performed to the first substrate 10331 is
described.

First, a first insulating film 10332 is formed over the first
substrate 10331 by sputtering, a printing method, a coating
method, or the like. Note that the first insulating film 10332 is
not necessarily formed. The first insulating film 10332 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10331 which
affects a semiconductor layer.

Next, a first conductive layer 10333 is formed over the first
insulating film 10332 by photolithography, a laser direct writ-
ing method, an inkjet method, or the like.

Next, a second insulating film 10334 is formed over the
entire surface by sputtering, a printing method, a coating
method, or the like. The second insulating film 10334 has a
function of preventing change in characteristics of the tran-
sistor due to an impurity from the first substrate 10331 which
affects the semiconductor layer.

Next, a first semiconductor layer 10335 and a second semi-
conductor layer 10336 are formed. Note that the first semi-
conductor layer 10335 and the second semiconductor layer
10336 are formed sequentially and shapes thereof are pro-
cessed at the same time.
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Next, a second conductive layer 10337 is formed by pho-
tolithography, a laser direct writing method, an inkjet method,
or the like. Note that as a method for etching which is per-
formed at the time of processing a shape of the second con-
ductive layer 10337, dry etching is preferable. Note that as the
second conductive layer 10337, either a light-transmitting
material or a reflective material may be used.

Next, a channel formation region of the transistor is
formed. Here, an example of a step thereof is described. The
second semiconductor layer 10106 is etched by using the
second conductive layer 10337 as a mask. Alternatively, the
second semiconductor layer 10336 is etched by using a mask
for processing the shape of the second conductive layer
10337. Then, the first conductive layer 10333 at a position
where the second semiconductor layer 10336 is removed
serves as the channel formation region of the transistor. Thus,
the number of masks can be reduced, so that manufacturing
cost can be reduced.

Next, a third insulating film 10338 is formed and a contact
hole is selectively formed in the third insulating film 10338.

Next, a fourth conductive layer 10343 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like.

Next, a fourth insulating film 10349 is formed and a contact
hole is selectively formed in the fourth insulating film 10349.
Note that a surface of the fourth insulating film 10349 is
preferably as even as possible. This is because alignment of
the liquid crystal molecules are affected by unevenness of a
surface with which the liquid crystal is in contact.

Next, a third conductive layer 10339 is formed by photo-
lithography, a laser direct writing method, an inkjet method,
or the like. Here, the third conductive layer 10339 is comb-
shaped.

Next, a first alignment film 10340 is formed. Note that after
the first alignment film 10340 is formed, rubbing may be
performed so as to control the alignment of the liquid crystal
molecules. Rubbing is a step of forming stripes on an align-
ment film by rubbing the alignment film with a cloth. By
performing rubbing, the alignment film can have alignment
properties.

The first substrate 10331 which is manufactured as
described above and the second substrate 10346 on which the
light-shielding film 10344, the color filter 10345, the spacer
10347, and the second alignment film 10342 are formed are
attached to each other by a sealant with a gap of several um
therebetween. Then, a liquid crystal material is injected into a
space between the two substrates. Therefore, a liquid crystal
panel can be manufactured.

Here, materials which can be used for conductive layers or
insulating films are described.

As the first insulating film 10102 in FIG. 22, the first
insulating film 10202 in FIG. 23A, the first insulating film
10232 in FIG. 23B, the first insulating film 10302 in FIG.
24A, or the first insulating film 10332 in FIG. 24B, an insu-
lating film such as a silicon oxide film, a silicon nitride film,
or a silicon oxynitride (SiO,N,) film can be used. Alterna-
tively, an insulating film having a stacked-layer structure in
which two or more of a silicon oxide film, a silicon nitride
film, a silicon oxynitride (SiO,N,) film, and the like are com-
bined can be used as.

As the first conductive layer 10103 in FIG. 22, the first
conductive layer 10203 in FIG. 23 A, the first conductive layer
10233 in FIG. 23B, the first conductive layer 10303 in FIG.
24A, or the first conductive layer 10333 in FIG. 24B, Mo, Ti,
Al, Nd, Cr, or the like can be used. Alternatively, a stacked-
layer structure in which two or more of Mo, Ti, Al, Nd, Cr, and
the like are combined can be used.
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As the second insulating film 10104 in FIG. 22, the second
insulating film 10204 in FI1G. 23 A, the second insulating film
10234 in FIG. 23B, the second insulating film 10304 in FIG.
24A, or the second insulating film 10334 in FIG. 24B, a
thermal oxide film, a silicon oxide film, a silicon nitride film,
a silicon oxynitride film, or the like can be used. Alternatively,
a stacked-layer structure in which two or more of a thermal
oxide film, a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, and the like are combined can be used. Note
that a silicon oxide film is preferable in a portion which is in
contact with a semiconductor layer. This is because a trap
level at an interface with the semiconductor layer decreases
when a silicon oxide film is used. Note that a silicon nitride
film is preferable in a portion which is in contact with Mo.
This is because a silicon nitride film does not oxidize Mo.

As the first semiconductor layer 10105 in FIG. 22, the first
semiconductor layer 10205 in FIG. 23 A, the first semicon-
ductor layer 10235 in FIG. 23B, the first semiconductor layer
10305 in FIG. 24 A, or the first semiconductor layer 10335 in
FIG. 24B,; silicon, silicon germanium (SiGe), or the like can
be used.

As the second semiconductor layer 10106 in FIG. 22, the
second semiconductor layer 10206 in FIG. 23A, the second
semiconductor layer 10236 in FIG. 23B, the second semicon-
ductor layer 10306 in FIG. 24 A, or the second semiconductor
layer 10336 in FIG. 24B, silicon or the like including phos-
phorus can be used, for example.

As a light-transmitting material of the second conductive
layer 10107 and the third conductive layer 10109 in FIG. 22;
the second conductive layer 10207 and the third conductive
layer 10209 in FIG. 23 A; the second conductive layer 10237
and the third conductive layer 10239 in FIG. 23B; the second
conductive layer 10307 and the third conductive layer 10309
in FIG. 24A; or the second conductive layer 10337, the third
conductive layer 10339, and a fourth conductive layer 10343
in FIG. 24B, an indium tin oxide (ITO) film formed by mixing
tin oxide into indium oxide, an indium tin silicon oxide
(ITSO) film formed by mixing silicon oxide into indium tin
oxide (ITO), an indium zinc oxide (IZO) film formed by
mixing zinc oxide into indium oxide, a zinc oxide film, a tin
oxide film, or the like can be used. Note that IZO is a light-
transmitting conductive material formed by sputtering using
atarget in which zinc oxide (ZnO) is mixed into ITO at 2 to 20
wt %.

As a reflective material of the second conductive layer
10107 and the third conductive layer 10109 in FIG. 22; the
second conductive layer 10207 and the third conductive layer
10209 in FIG. 23 A; the second conductive layer 10237 and
the third conductive layer 10239 in FIG. 23B; the second
conductive layer 10307 and the third conductive layer 10309
in FIG. 24A; or the second conductive layer 10337, the third
conductive layer 10339, and the fourth conductive layer
10343 in FIG. 24B, Ti, Mo, Ta, Cr, W, Al, or the like can be
used. Alternatively, a two-layer structure in which Al and Ti,
Mo, Ta, Cr, or W are stacked, or a three-layer structure in
which Al is interposed between metals such as Ti, Mo, Ta, Cr,
and W may be used.

As the third insulating film 10108 in FIG. 22, the third
insulating film 10208 in FIG. 23 A, the third insulating film
10238 in FIG. 23B, the third conductive layer 10239 in FIG.
23B, the third insulating film 10308 in FIG. 24 A, or the third
insulating film 10338 and the fourth insulating film 10349 in
FIG. 24B, an inorganic material (e.g., silicon oxide, silicon
nitride, or silicon oxynitride), an organic compound material
having a low dielectric constant (e.g., a photosensitive or
nonphotosensitive organic resin material), or the like can be
used. Alternatively, a material including siloxane can be used.
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Note that siloxane is a material in which a skeleton structure
is formed by a bond of silicon (Si) and oxygen (O). As a
substituent, an organic group including at least hydrogen
(e.g., an alkyl group or aromatic hydrocarbon) is used. Alter-
natively, a fluoro group may be used as the substituent. Fur-
ther alternatively, the organic group including at least hydro-
gen and the fluoro group may be used as the substituent.

As the first alignment film 10110 in FIG. 22, the first
alignment film 10210 in FIG. 23A, the first alignment film
10240 in FIG. 2313, the first alignment film 10310 in FIG.
24A, or the first alignment film 10340 in FIG. 24B, a film of
a high molecular compound such as polyimide can be used.

Next, the pixel structure in the case where each liquid
crystal mode and the transistor are combined is described
with reference to a top plan view (a layout diagram) of the
pixel.

Note that as a liquid crystal mode, a TN (twisted nematic)
mode, an IPS (in-plane-switching) mode, an FFS (fringe field
switching) mode, an MVA (multi-domain vertical alignment)
mode, a PVA (patterned vertical alignment) mode, an ASM
(axially symmetric aligned micro-cell) mode, an OCB (opti-
cal compensated birefringence) mode, an FL.C (ferroelectric
liquid crystal) mode, an AFLC (antiferroelectric liquid crys-
tal) mode, or the like can be used.

As the transistor, a thin film transistor (a TFT) including a
non-single crystalline semiconductor layer typified by amor-
phous silicon, polycrystalline silicon, microcrystalline (also
referred to as semi-amorphous) silicon, or the like can be
used.

Note that as a structure of the transistor, a top-gate struc-
ture, a bottom-gate structure, or the like can be used. A chan-
nel-etched transistor, a channel-protective transistor, or the
like can be used as a bottom-gate transistor.

FIG. 25 is an example of a top plan view of a pixel in the
case where a TN mode and a transistor are combined. By
applying the pixel structure shown in FIG. 25 to a liquid
crystal display device, a liquid crystal display device can be
formed at low cost.

The pixel shown in FIG. 25 includes a scan line 10401, an
image signal line 10402, a capacitor line 10403, a transistor
10404, a pixel electrode 10405, and a pixel capacitor 10406.

The scan line 10401 has a function of transmitting a signal
(a scan signal) to the pixel. The image signal line 10402 has a
function for transmitting a signal (an image signal) to the
pixel. Note that since the scan line 10401 and the image signal
line 10402 are arranged in matrix, they are formed of con-
ductive layers in different layers. Note that a semiconductor
layer may be provided at an intersection of the scan line
10401 and the image signal line 10402. Thus, intersection
capacitance formed between the scan line 10401 and the
image signal line 10402 can be reduced.

The capacitor line 10403 is provided in parallel to the pixel
electrode 10405. A portion where the capacitor line 10403
and the pixel electrode 10405 overlap with each other corre-
sponds to the pixel capacitor 10406. Note that part of the
capacitor line 10403 is extended along the image signal line
10402 so as to surround the image signal line 10402. Thus,
crosstalk can be reduced. Crosstalk is a phenomenon in which
apotential of an electrode, which should hold the potential, is
changed in accordance with change in potential of the image
signal line 10402. Note that intersection capacitance can be
reduced by providing a semiconductor layer between the
capacitor line 10403 and the image signal line 10402. Note
that the capacitor line 10403 is formed of a material which is
similar to that of the scan line 10401.

The transistor 10404 has a function as a switch which turns
on the image signal line 10402 and the pixel electrode 10405.
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Note that one of a source region and a drain region of the
transistor 10404 is provided so as to be surrounded by the
other ofthe source region and the drain region of the transistor
10404. Thus, the channel width of the transistor 10404
increases, so that switching capability can be improved. Note
that a gate electrode of the transistor 10404 is provided so as
to surround the semiconductor layer.

The pixel electrode 10405 is electrically connected to one
of a source electrode and a drain electrode of the transistor
10404. The pixel electrode 10405 is an electrode for applying
signal voltage which is transmitted by the image signal line
10402 to a liquid crystal element. Note that the pixel electrode
10405 is rectangular. Thus, an aperture ratio can be improved.
Note that as the pixel electrode 10405, a light-transmitting
material or a reflective material may be used. Alternatively,
the pixel electrode 10405 may be formed by combining a
light-transmitting material and a reflective material.

FIG. 26 A is an example of a top plan view of a pixel in the
case where an MVA mode and a transistor are combined. By
applying the pixel structure shown in FIG. 26A to a liquid
crystal display device, a liquid crystal display device having
a wide viewing angle, high response speed, and high contrast
can be obtained.

The pixel shown in FIG. 26A includes a scan line 10501, a
video signal line 10502, a capacitor line 10503, a transistor
10504, a pixel electrode 10505, a pixel capacitor 10506, and
an alignment control protrusion 10507.

The scan line 10501 has a function of transmitting a signal
(ascan signal) to the pixel. The image signal line 10502 has a
function for transmitting a signal (an image signal) to the
pixel. Note that since the scan line 10501 and the image signal
line 10502 are arranged in matrix, they are formed of con-
ductive layers in different layers. Note that a semiconductor
layer may be provided at an intersection of the scan line
10501 and the image signal line 10502. Thus, intersection
capacitance formed between the scan line 10501 and the
image signal line 10502 can be reduced.

The capacitor line 10503 is provided in parallel to the pixel
electrode 10505. A portion where the capacitor line 10503
and the pixel electrode 10505 overlap with each other corre-
sponds to the pixel capacitor 10506. Note that part of the
capacitor line 10503 is extended along the image signal line
10502 so as to surround the image signal line 10502. Thus,
crosstalk can be reduced. Crosstalk is a phenomenon in which
apotential of an electrode, which should hold the potential, is
changed in accordance with change in potential of the image
signal line 10502. Note that intersection capacitance can be
reduced by providing a semiconductor layer between the
capacitor line 10503 and the image signal line 10502. Note
that the capacitor line 10503 is formed of a material which is
similar to that of the scan line 10501.

The transistor 10504 has a function as a switch which turns
on the image signal line 10502 and the pixel electrode 10505.
Note that one of a source region and a drain region of the
transistor 10504 is provided so as to be surrounded by the
other ofthe source region and the drain region of the transistor
10504. Thus, the channel width of the transistor 10504
increases, so that switching capability can be improved. Note
that a gate electrode of the transistor 10504 is provided so as
to surround the semiconductor layer.

The pixel electrode 10505 is electrically connected to one
of a source electrode and a drain electrode of the transistor
10504. The pixel electrode 10505 is an electrode for applying
signal voltage which is transmitted by the image signal line
10502 to a liquid crystal element. Note that the pixel electrode
10505 is rectangular. Thus, an aperture ratio can be improved.
Note that as the pixel electrode 10505, a light-transmitting
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material or a reflective material may be used. Alternatively,
the pixel electrode 10505 may be formed by combining a
light-transmitting material and a reflective material.

The alignment control protrusion 10507 is formed on a
counter substrate. The alignment control protrusion 10507
has a function of aligning liquid crystal molecules radially.
Note that a shape of the alignment control protrusion 10507 is
not particularly limited. For example, the alignment control
protrusion 10507 may be a dogleg shape. Thus, a plurality of
regions having different alignment of the liquid crystal mol-
ecules can be formed, so that a viewing angle can be
improved.

FIG. 26B is an example of a top plan view of a pixel in the
case where a PVA mode and a transistor are combined. By
applying the pixel structure shown in FIG. 26B to a liquid
crystal display device, a liquid crystal display device having
a wide viewing angle, high response speed, and high contrast
can be obtained.

The pixel shown in FIG. 26B includes a scan line 10511, a
video signal line 10512, a capacitor line 10513, a transistor
10514, a pixel electrode 10515, a pixel capacitor 10516, and
an electrode notch portion 10517.

The scan line 10511 has a function of transmitting a signal
(a scan signal) to the pixel. The image signal line 10512 has a
function for transmitting a signal (an image signal) to the
pixel. Note that since the scan line 10511 and the image signal
line 10512 are arranged in matrix, they are formed of con-
ductive layers in different layers. Note that a semiconductor
layer may be provided at an intersection of the scan line
10511 and the image signal line 10512. Thus, intersection
capacitance formed between the scan line 10511 and the
image signal line 10512 can be reduced.

The capacitor line 10513 is provided in parallel to the pixel
electrode 10515. A portion where the capacitor line 10513
and the pixel electrode overlap with each other corresponds to
the pixel capacitor 10516. Note that part of the capacitor line
10513 is extended along the image signal line 10512 so as to
surround the image signal line 10512. Thus; crosstalk can be
reduced. Crosstalk is a phenomenon in which a potential of an
electrode, which should hold the potential, is changed in
accordance with change in potential of the image signal line
10512. Note that intersection capacitance can be reduced by
providing a semiconductor layer between the capacitor line
10513 and the image signal line 10512. Note that the capaci-
tor line 10513 is formed of a material which is similar to that
of the scan line 10511.

The transistor 10514 has a function as a switch which turns
on the image signal line 10512 and the pixel electrode 10515.
Note that one of a source region and a drain region of the
transistor 10514 is provided so as to be surrounded by the
other of the source region and the drain region of the transistor
10514. Thus, the channel width of the transistor 10514
increases, so that switching capability can be improved. Note
that a gate electrode of the transistor 10514 is provided so as
to surround the semiconductor layer.

The pixel electrode 10515 is electrically connected to one
of a source electrode and a drain electrode of the transistor
10514. The pixel electrode 10515 is an electrode for applying
signal voltage which is transmitted by the image signal line
10512 to aliquid crystal element. Note that the pixel electrode
10515 has ashape which is formed in accordance with a shape
of the electrode notch portion 10517. Specifically, the pixel
electrode 10515 has a shape in which a portion where the
pixel electrode 10515 is notched is formed in a portion where
the electrode notch portion 10517 is not formed. Thus, a
plurality of regions having different alignment of the liquid
crystal molecules can be formed, so that a viewing angle can
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be improved. Note that as the pixel electrode 10515, a light-
transmitting material or a reflective material may be used.
Alternatively, the pixel electrode 10515 may be formed by
combining a light-transmitting material and a reflective mate-
rial.

FIG. 27A is an example of a top plan view of a pixel in the
case where an IPS mode and a transistor are combined. By
applying the pixel structure shown in FIG. 27A to a liquid
crystal display device, a liquid crystal display device theo-
retically having a wide viewing angle and response speed
which has low dependency on a gray scale can be obtained.

The pixel shown in FIG. 27A includes a scan line 10601, a
video signal line 10602, a common electrode 10603, a tran-
sistor 10604, and a pixel electrode 10605.

The scan line 10601 has a function of transmitting a signal
(ascan signal) to the pixel. The image signal line 10602 has a
function of transmitting a signal (an image signal) to the
pixel. Note that since the scan line 10601 and the image signal
line 10602 are arranged in matrix, they are formed of con-
ductive layers in different layers. Note that a semiconductor
layer may be provided at an intersection of the scan line
10601 and the image signal line 10602. Thus, intersection
capacitance formed between the scan line 10601 and the
image signal line 10602 can be reduced. Note that the image
signal line 10602 is formed in accordance with a shape of the
pixel electrode 10605.

The common electrode 10603 is provided in parallel to the
pixel electrode 10605. The common electrode 10603 is an
electrode for generating a horizontal electric field. Note that
the common electrode 10603 is bent comb-shaped. Note that
part of the common electrode 10603 is extended along the
image signal line 10602 so as to surround the image signal
line 10602. Thus, crosstalk can be reduced. Crosstalk is a
phenomenon in which a potential of an electrode, which
should hold the potential, is changed in accordance with
change in potential of the image signal line 10602. Note that
intersection capacitance can be reduced by providing a semi-
conductor layer between the common electrode 10603 and
the image signal line 10602. Par of the common electrode
10603, which is provided in parallel to the scan line 10601, is
formed of a material which is similar to that of the scan line
10601. Part of the common electrode 10603, which is pro-
vided in parallel to the pixel electrode 10605, is formed of a
material which is similar to that of the pixel electrode 10605.

The transistor 10604 has a function as a switch which turns
on the image signal line 10602 and the pixel electrode 10605.
Note that one of a source region and a drain region of the
transistor 10604 is provided so as to be surrounded by the
other ofthe source region and the drain region of the transistor
10604. Thus, the channel width of the transistor 10604
increases, so that switching capability can be improved. Note
that a gate electrode of the transistor 10604 is provided so as
to surround the semiconductor layer.

The pixel electrode 10605 is electrically connected to one
of a source electrode and a drain electrode of the transistor
10604. The pixel electrode 10605 is an electrode for applying
signal voltage which is transmitted by the image signal line
10602 to a liquid crystal element. Note that the pixel electrode
10605 is bent comb-shaped. Thus, a horizontal electric field
can be applied to liquid crystal molecules. In addition, since
a plurality of regions having different alignment of the liquid
crystal molecules can be formed, a viewing angle can be
improved. Note that as the pixel electrode 10605, a light-
transmitting material or a reflective material may be used.
Alternatively, the pixel electrode 10605 may be formed by
combining a light-transmitting material and a reflective mate-
rial.
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Note that a comb-shaped portion in the common electrode
10603 and the pixel electrode 10605 may be formed of dif-
ferent conductive layers. For example, the comb-shaped por-
tion in the common electrode 10603 may be formed of a
conductive layer which is the same as that of the scan line
10601 or the image signal line 10602. Similarly, the pixel
electrode 10605 may be formed of a conductive layer which
is the same as that of the scan line 10601 or the image signal
line 10602.

FIG. 27B is a top plan view of a pixel in the case where an
FFS mode and a transistor are combined. By applying the
pixel structure shown in FIG. 27B to a liquid crystal display
device, a liquid crystal display device theoretically having a
wide viewing angle and response speed which has low depen-
dency on a gray scale can be obtained.

The pixel shown in FIG. 27B may include a scan line
10611, a video signal line 10612, a common electrode 10613,
a transistor 10614, and a pixel electrode 10615.

The scan line 10611 has a function of transmitting a signal
(a scan signal) to the pixel. The image signal line 10612 has a
function of transmitting a signal (an image signal) to the
pixel. Note that since the scan line 10611 and the image signal
line 10612 are arranged in matrix, they are formed of con-
ductive layers in different layers. Note that a semiconductor
layer may be provided at an intersection of the scan line
10611 and the image signal line 10612. Thus, intersection
capacitance formed between the scan line 10611 and the
image signal line 10612 can be reduced. Note that the image
signal line 10612 is formed in accordance with a shape of the
pixel electrode 10615.

The common electrode 10613 is formed uniformly below
the pixel electrode 10615 and below and between the pixel
electrodes 10615. Note that as the common electrode 10613,
either a light-transmitting material or a reflective material
may be used. Alternatively, the common electrode 10613 may
be formed by combining a material in which a light-transmit-
ting material and a reflective material.

The transistor 10614 has a function as a switch which turns
onthe image signal line 10612 and the pixel electrode 10615.
Note that one of a source region and a drain region of the
transistor 10614 is provided so as to be surrounded by the
other of the source region and the drain region of the transistor
10614. Thus, the channel width of the transistor 10614
increases, so that switching capability can be improved. Note
that a gate electrode of the transistor 10614 is provided so as
to surround the semiconductor layer.

The pixel electrode 10615 is electrically connected to one
of a source electrode and a drain electrode of the transistor
10614. The pixel electrode 10615 is an electrode for applying
signal voltage which is transmitted by the image signal line
10612 to aliquid crystal element. Note that the pixel electrode
10615 is bent comb-shaped. The comb-shaped pixel elec-
trode 10615 is provided to be closer to a liquid crystal layer
than a uniform portion of the common electrode 10613. Thus,
a horizontal electric field can be applied to liquid crystal
molecules. In addition, a plurality of regions having different
alignment of the liquid crystal molecules can be formed, so
that a viewing angle can be improved. Note that as the pixel
electrode 10615, a light-transmitting material or a reflective
material may be used. Alternatively, the pixel electrode 10615
may be formed by combining a light-transmitting material
and a reflective material.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or may be
part of the contents) described in each drawing can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in another drawing.
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Further, even more drawings can be formed by combining
each part with another part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment mode can be
freely applied to, combined with, or replaced with the con-
tents (or may be part of the contents) described in a drawing
in another embodiment mode or embodiment. Further, even
more drawings can be formed by combining each part with
part of another embodiment mode or embodiment in the
drawings of this embodiment mode.

This embodiment mode shows an example of an embodied
case of the contents (or may be part of the contents) described
in other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 6]

In this embodiment mode, a peripheral portion of a liquid
crystal panel is described.

FIG. 28 shows an example of a liquid crystal display device
including a so-called edge-light type backlight unit 20101
and a liquid crystal panel 20107. An edge-light type corre-
sponds to a type in which a light source is provided at an end
of a backlight unit and fluorescence of the light source is
emitted from the entire light-emitting surface. The edge-light
type backlight unit is thin and can save power.

The backlight unit 20101 includes a diffusion plate 20102,
a light guide plate 20103, a reflection plate 20104, a lamp
reflector 20105, and a light source 20106.

The light source 20106 has a function of emitting light as
necessary. For example, as the light source 20106, a cold
cathode fluorescent lamp, a hot cathode fluorescent lamp, a
light-emitting diode, an inorganic EL element, an organic EL,
element, or the like is used. The lamp reflector 20105 has a
function of efficiently guiding fluorescence from the light
source 20106 to the light guide plate 20103. The light guide
plate 20103 has a function of guiding light to the entire
surface by total reflection of fluorescence. The diffusion plate
20102 has a function of reducing variations in brightness. The
reflection plate 20104 has a function of reflecting light which
is leaked from the light guide plate 20103 downward (a direc-
tion which is opposite to the liquid crystal panel 20107) to be
reused.

Note that a control circuit for controlling luminance of the
light source 20106 is connected to the backlight unit 20101.
By using this control circuit, luminance of the light source
20106 can be controlled.

FIGS. 29A to 29D are views each showing a detailed
structure of the edge-light type backlight unit. Note that
description of a diffusion plate, a light guide plate, a reflection
plate, and the like is omitted.

A backlight unit 20201 shown in FIG. 29A has a structure
in which a cold cathode fluorescent lamp 20203 is used as a
light source. In addition, a lamp reflector 20202 is provided to
efficiently reflect light from the cold cathode fluorescent lamp
20203. Such a structure is often used for a large display device
because luminance of light obtained from the cold cathode
fluorescent lamp is high.

A backlight unit 20211 shown in FIG. 2913 has a structure
in which light-emitting diodes (LEDs) 20213 are used as light
sources. For example, the light-emitting diodes (LEDs)
20213 which emit white light are provided at a predetermined
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interval. In addition, a lamp reflector 20212 is provided to
efficiently reflect light from the light-emitting diodes (LEDs)
20213.

Since luminance of light-emitting diodes is high, a struc-
ture using light-emitting diodes is suitable for a large display
device. Since light-emitting diodes are superior in color
reproductivity, an arrangement area can be reduced. There-
fore, a frame of a display device can be narrowed.

Note that in the case where light-emitting diodes are
mounted an a large display device, the light-emitting diodes
can be provided on a back side of the substrate. The light-
emitting diodes of R, G, and B are sequentially provided ata
predetermined interval. By providing the light-emitting
diodes, color reproductivity can be improved.

A backlight unit 20221 shown in FIG. 44C has a structure
in which light-emitting diodes (LEDs) 20223, light-emitting
diodes (LEDs) 20224, and light-emitting diodes (LEDs)
20225 of R, G, and B are used as light sources. The light-
emitting diodes (LEDs) 20223, the light-emitting diodes
(LEDs) 20224, and the light-emitting diodes (LEDs) 20225
of R, G, and B are each provided at a predetermined interval.
By using the light-emitting diodes (LEDs) 20223, the light-
emitting diodes (LEDs) 20224, and the light-emitting diodes
(LEDs) 20225 of R, G, and B, color reproductivity can be
improved. In addition, a lamp reflector 20222 is provided to
efficiently reflect light from the light-emitting diodes.

Since luminance of light-emitting diodes is high, a struc-
ture using light-emitting diodes is suitable for a large display
device. Since light-emitting diodes are superior in color
reproductivity, an arrangement area can be reduced. There-
fore, a frame of a display device can be narrowed.

By sequentially making the light-emitting diodes of R, G,
and B emit light in accordance with time, color display can be
performed. This is a so-called field sequential mode.

Note that a light-emitting diode which emits white light
can be combined with the light-emitting diodes (LEDs)
20223, the light-emitting diodes (LEDs) 20224, and the light-
emitting diodes (LEDs) 20225 of R, G, and B.

Note that in the case where light-emitting diodes are
mounted on a large display device, the light-emitting diodes
can be provided on a back side of the substrate. The light-
emitting diodes of R, G, and B are sequentially provided ata
predetermined interval. By providing the light-emitting
diodes, color reproductivity can be improved.

A backlight unit 20231 shown in FIG. 44D has a structure
in which light-emitting diodes (LEDs) 20233, light-emitting
diodes (LEDs) 20234, and light-emitting diodes (LEDs)
20235 of R, G, and B are used as light sources. For example,
among the light-emitting diodes (LEDs) 20233, the light-
emitting diodes (LEDs) 20234, and the light-emitting diodes
(LEDs) 20235 of R, G, and B, a plurality of the light-emitting
diodes ot a color with low emission intensity (e.g., green) are
provided. By using the light-emitting diodes (LEDs) 20233,
the light-emitting diodes (LEDs) 20234, and the light-emit-
ting diodes (LEDs) 20235 of R, G, and B, color reproductivity
can be improved. In addition, a lamp reflector 20232 is pro-
vided to efficiently reflect light from the light-emitting
diodes.

Since luminance of light-emitting diodes is high, a struc-
ture using light-emitting diodes is suitable for a large display
device. Since light-emitting diodes are superior in color
reproductivity, an arrangement area can be reduced. There-
fore, a frame of a display device can be narrowed.

By sequentially making the light-emitting diodes of R, G,
and B emit light in accordance with time, color display can be
performed. This is a so-called field sequential mode.
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Note that a light-emitting diode which emits white light
can be combined with the light-emitting diodes (LEDs)
20233, the light-emitting diodes (LEDs) 20234, and the light-
emitting diodes (LEDs) 20235 of R, G, and B.

Note that in the case where light-emitting diodes are
mounted on a large display device, the light-emitting diodes
can be provided on a back side of the substrate. The light-
emitting diodes of R, G, and B are sequentially provided at a
predetermined interval. By providing the light-emitting
diodes, color reproductivity can be improved.

FIG. 32A shows an example of a liquid crystal display
device including a so-called direct-type backlight unit 20500
and a liquid crystal panel 20505. A direct type corresponds to
a type in which a light source is provided directly under a
light-emitting surface and fluorescence of the light source is
emitted from the entire light-emitting surface. The direct-type
backlight unit can efficiently utilize the amount of emitted
light.

A backlight unit 20500 includes a diffusion plate 20501, a
light-shielding plate 20502, a lamp reflector 20503, and a
light source 20504.

The light source 20504 has a function of emitting light as
necessary. For example, as the light source 20504, a cold
cathode fluorescent lamp, a hot cathode fluorescent lamp, a
light-emitting diode, an inorganic EL element, an organic EL,
element, or the like is used. The lamp reflector 20503 has a
function of efficiently guiding fluorescence from the light
source 20504 to the diffusion plate 20501 and the light-
shielding plate 20502. The light-shielding plate 20502 has a
function of reducing variations in luminance by shielding
much light as light becomes more intense in accordance with
provision of the light source 20504. The diftusion plate 20501
also has a function of reducing variations in luminance.

A control circuit for controlling luminance of the light
source 20504 is connected to the backlight unit 20500. By
using this control circuit, luminance of the light source 20504
can be controlled.

FIG. 32B shows an example of a liquid crystal display
device including a so-called direct-type backlight unit 20510
and a liquid crystal panel 20515. A direct type corresponds to
a type in which a light source is provided directly under a
light-emitting surface and fluorescence of the light source is
emitted from the entire light-emitting surface. The direct-type
backlight unit can efficiently utilize the amount of emitted
light.

A backlight unit 20510 includes a diffusion plate 20511; a
light-shielding plate 20512; a lamp reflector 20513; and a
light source (R) 20514aq, a light source (G) 205145, and a light
source (B) 20514¢ of R, G, and B.

Each of the light source (R) 20514a, the light source (G)
205145, and the light source (B) 20514¢ of R, and B has a
function of emitting light as necessary. For example, as each
of the light source (R) 20514aq, the light source (G) 205145,
and the light source (B) 20514c¢, a cold cathode fluorescent
lamp, a hot cathode fluorescent lamp, a light-emitting diode,
an inorganic EL element, an organic EL element, or the like is
used. The lamp reflector 20513 has a function of efficiently
guiding fluorescence from the light sources 20514ato 20514c¢
to the diffusion plate 20511 and the light-shielding plate
20512. The light-shielding plate 20512 has a function of
reducing variations in brightness or luminance by shielding
much light as light becomes more intense in accordance with
provision of the light sources 205144 to 20514c¢. The diffu-
sion plate 20511 also has a function of reducing variations in
brightness or luminance.

A control circuit for controlling luminance of the light
source (R) 205144, the light source (G) 205144, and the light
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source (B) 20514¢ of R, G, and B is connected to the backlight
unit 20510. By using this control circuit, luminance of the
light source (R) 205144, the light source (G) 205144, and the
light source (B) 20514¢ of R, G, and B can be controlled.

FIG. 30 shows an example of a structure of a polarizing
plate (also referred to as a polarizing film).

A polarizing film 20300 includes a protective film 20301, a
substrate film 20302, a PVA polarizing film 20303, a substrate
film 20304, an adhesive layer 20305, and a mold release film
20306.

The PVA polarizing film 20303 has a function of generat-
ing light in only a certain vibration direction (linear polarized
light). Specifically, the PVA polarizing film 20303 includes
molecules, which function as a polarizer in which lengthwise
electron density and widthwise electron density are greatly
different from each other. The PVA polarizing film 20303 can
generate linear polarized light by uniforming directions of the
molecules in which lengthwise electron density and width-
wise electron density are greatly different from each other.

For example, a high molecular film of poly vinyl alcohol is
doped with an iodine compound and a PVA film is pulled in a
certain direction, so that a film in which iodine molecules are
aligned in a certain direction can be obtained as the PVA
polarizing film 20303. Then, light which is parallel to a major
axis of the iodine molecule is absorbed by the iodine mol-
ecule. Note that a dichroic dye may be used instead of iodine
for high durability use and high heat resistance use. Note that
it is preferable that the dye be used for a liquid crystal display
device which needs to have durability and heat resistance,
such as an in-car LCD or an LCD for a projector.

When the PVA polarizing film 20303 is sandwiched by
films to be base materials (the substrate film 20302 and the
substrate film 20304) from both sides, reliability can be
improved. Note that the PVA polarizing film 20303 may be
sandwiched by triacetylcellulose (TAC) films with high light-
transmitting properties and high durability. Note that each of
the substrate films and the TAC films function as protective
films of polarizer included in the PVA polarizing film 20303.

The adhesive layer 20305 which is to be attached to a glass
substrate of the liquid crystal panel is attached to one of the
substrate films (the substrate film 20304). Note that the adhe-
sive layer 20305 is formed by applying an adhesive to one of
the substrate films (the substrate film 20304). The mold
release film 20306 (a separate film) is provided to the adhe-
sive layer 20305.

The protective film 20301 is provided to the other of the
substrates films (the substrate film 20302).

A hard coating scattering layer (an anti-glare layer) may be
provided on a surface of the polarizing film 20300. Since the
surface of the hard coating scattering layer has minute
unevenness formed by AG treatment and has an anti-glare
function which scatters external light, reflection of external
light in the liquid crystal panel can be prevented. Surface
reflection can also be prevented.

Note that a treatment in which plurality of optical thin film
layers having different refractive indexes are layered (also
referred to as anti-reflection treatment or AR treatment) may
be performed on the surface of the polarizing film 20300. The
plurality of layered optical thin film layers having different
refractive indexes can reduce reflectivity on the surface by an
interference effect of light.

FIGS. 31Ato 31C each show an example of a system block
of the liquid crystal display device.

In a pixel portion 20405, signal lines 20412 which are
extended from a signal line driver circuit 20403 are provided.
In addition, in the pixel portion 20405, scan lines 20410
which are extended from a scan line driver circuit 20404 are
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also provided. In addition, a plurality of pixels are arranged in
matrix in cross regions of the signal lines 20412 and the scan
lines 20410. Note that each of the plurality of pixels includes
a switching element. Therefore, voltage for controlling incli-
nation of liquid crystal molecules can be separately input to
each of the plurality of pixels. A structure in which a switch-
ing element is provided in each cross region in this manner is
referred to as an active matrix type. Note that the present
invention is not limited to such an active matrix type and a
structure of a passive matrix type may be used. Since the
passive matrix type does not have a switching element in each
pixel, a process is simple.

A driver circuit portion 20408 includes a control circuit
20402, the signal line driver circuit 20403, and the scan line
driver circuit 20404. An image signal 20401 is input to the
control circuit 20402. The signal line driver circuit 20403 and
the scan line driver circuit 20404 are controlled by the control
circuit 20402 in accordance with this image signal 20401.
That is, the control circuit 20402 inputs a control signal to
each of the signal line driver circuit 20403 and the scan line
driver circuit 20404. Then, in accordance with this control
signal, the signal line driver circuit 20403 inputs a video
signal to each of the signal lines 20412 and the scan line driver
circuit 20404 inputs a scan signal to each of the scan lines
20410. Then, the switching element included in the pixel is
selected in accordance with the scan signal and the video
signal is input to a pixel electrode of the pixel.

Note that the control circuit 20402 also controls a power
source 20407 in accordance with the image signal 20401. The
power source 20407 includes a unit for supplying power to a
lighting unit 20406. As the lighting unit 20406, an edge-light
type backlight unit or a direct-type backlight unit can be used.
Note that a front light may be used as the lighting unit 20406.
A front light corresponds to a plate-like lighting unit includ-
ing a luminous body and a light conducting body, which is
attached to the front surface side of a pixel portion and illu-
minates the whole area. By using such a lighting unit, the
pixel portion can be uniformly illuminated at low power
consumption.

As shown in FIG. 31B, the scan line driver circuit 20404
includes a shift register 20441, a level shifter 20442, and a
circuit functioning as a buffer 20443. A control signal such as
a gate start pulse (GSP) or a gate clock signal (GCK) is input
to the shift register 20441.

As shown in FIG. 31C, the signal line driver circuit 20403
includes a shift register 20431, a first latch 20432, a second
latch 20433, alevel shifter 20434, and a circuit functioning as
a buffer 20435. The circuit functioning as the buffer 20435
corresponds to a circuit which has a function of amplifying a
weak signal and includes an operational amplifier or the like.
A control signal such as a source start pulse (SSP) or a source
clock signal (SCK) is input to the level shifter 20434 and data
(DATA) such as a video signal is input to the first latch 20432.
Pieces of data (DATA) can be temporally held in the second
latch 20433 and are simultaneously input to the pixel portion
20405 by a latch (LAT) signal. This is referred to as line
sequential driving. Therefore, when a pixel is used in which
not line sequential driving but dot sequential driving is per-
formed, the second latch can be omitted.

Note that in this embodiment mode, a known liquid crystal
panel can be used for the liquid crystal panel. For example, a
structure in which a liquid crystal layer is sealed between two
substrates can be used as the liquid crystal panel. A transistor,
a capacitor, a pixel electrode, an alignment film, or the like is
formed over one of the substrates. A polarizing plate, a retar-
dation plate, or a prism sheet may be provided on the surface
opposite to a top surface of the one of the substrates. A color
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filter, a black matrix, a counter electrode, an alignment film,
or the like is provided on the other of the substrates. A polar-
izing plate or a retardation plate may be provided on the
surface opposite to a top surface of the other of the substrates.
The color filter and the black matrix may be formed over the
top surface of the one of the substrates. Note that three-
dimensional display can be performed by providing a slit (a
grid) on the top surface side of the one of the substrates or the
surface opposite to the top surface side of the one of the
substrates.

Each of the polarizing plate, the retardation plate, and the
prism sheet can be provided between the two substrates.
Alternatively, each of the polarizing plate, the retardation
plate, and the prism sheet can be integrated with one of the
two substrates.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or may be
part of the contents) described in each drawing can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in another drawing.
Further, even more drawings can be formed by combining
each part with another part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment mode can be
freely applied to, combined with, or replaced with the con-
tents (or may be part of the contents) described in a drawing
in another embodiment mode or embodiment. Further, even
more drawings can be formed by combining each part with
part of another embodiment mode or embodiment in the
drawings of this embodiment mode.

This embodiment mode shows an example of an embodied
case of the contents (or may be part of the contents) described
in other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 7]

In this embodiment mode, a driving method of a display
device is described. In particular, a driving method of a liquid
crystal display device is described.

First, overdriving is described with reference to FIGS. 33A
to 33C. FIG. 33 A shows time change in output luminance of
a display element with respect to input voltage. Time change
in output luminance of the display element with respect to
input voltage 30121 represented by a dashed line is as shown
by output luminance 30123 represented by a dashed line
similarly. That is, although voltage for obtaining intended
output luminance L, is Vi, time in accordance with response
speed of the element is necessary before output luminance
reaches the intended output luminance L., when Vi is directly
input as input voltage.

Overdriving is a technique for increasing this response
speed. Specifically, this is a method as follows: first, Vo which
is larger voltage than Vi is applied to the element for a certain
time to increase response speed of the element and output
luminance is made close to the intended output luminance L,
and then, the input voltage is returned to Vi. The input voltage
and the output luminance at this time are as shown by input
voltage 30122 and output luminance 30124, respectively. In
the graph of the output luminance 30124, time for reaching
the intended output luminance L, is shorter than that of the
output luminance 30123.
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Note that although the case where output luminance is
changed positively with respect to input voltage is described
in FIG. 33A, this embodiment mode also includes the case
where output luminance is changed negatively with respect to
input voltage.

A circuit for realizing such driving is described with refer-
ence to FIGS. 33B and 33C. First, the case where an input
image signal 30131 is a signal having an analog value (may be
a discrete value) and an output image signal 30132 is also a
signal having an analog value is described with reference to
FIG. 33B. An overdriving circuit shown in FIG. 3313
includes an encoding circuit 30101, a frame memory 30102,
a correction circuit 30103, and a D/A converter circuit 30104.

First, the input image signal 30131 is input to the encoding
circuit 30101 and encoded. That is, the input image signal
30131 is converted from an analog signal into a digital signal
with an appropriate bit number. After that, the converted
digital signal is input to each of the frame memory 30102 and
the correction circuit 30103. An image signal of the previous
frame which is held in the frame memory 30102 is input to the
correction circuit 30103 at the same time. Then, in the cor-
rection circuit 30103, an image signal corrected using an
image signal of a frame and the image signal of the previous
frame is output in accordance with a numeric value table
which is prepared in advance. At this time, an output switch-
ing signal 30133 may be input to the correction circuit 30103
and the corrected image signal and the image signal of the
frame may be switched to be output. Next, the corrected
image signal or the image signal of the frame is input to the
D/A converter circuit 30104. Then, the output image signal
30132 which is an analog signal having a value in accordance
with the corrected image signal or the image signal of the
frame is output. In this manner, overdriving is realized.

Next, the case where the input image signal 30131 is a
signal having a digital value and the output image signal
30132 is also a signal having a digital value is described with
reference to FIG. 33C. An overdriving circuit shown in FIG.
33C includes a frame memory 30112 and a correction circuit
30113.

First, the input image signal 30131 is a digital signal and is
input to each of the frame memory 30112 and the correction
circuit 30113. An image signal of the previous frame which is
held in the frame memory 30112 is input to the correction
circuit 30113 at the same time. Then, in the correction circuit
30113, an image signal corrected using an image signal of a
frame and the image signal of the previous frame is output in
accordance with a numeric value table which is prepared in
advance. At this time, the output switching signal 30133 may
be input to the correction circuit 30113 and the corrected
image signal and the image signal of the frame may be
switched to be output. In this manner, overdriving is realized.

Note that the case where the input image signal 30131 is an
analog signal and the output image signal 30132 is a digital
signal is included in the overdriving circuit in this embodi-
ment mode. At this time, the D/A converter circuit 30104 is
omitted from the circuit shown in FIG. 33B. In addition, the
case where the input image signal 30131 is a digital signal and
the output image signal 30132 is an analog signal is included
in the overdriving circuit in this embodiment mode. At this
time, the encoding circuit 30101 is omitted from the circuit
shown in FIG. 33B.

Driving which controls a potential of a common line is
described with reference to FIGS. 34A and 34B. FIG. 34A is
a diagram showing a plurality of pixel circuits in which one
common line is provided with respect to one scan line in a
display device using a display element which has capacitive
properties like a liquid crystal element. Each of the pixel
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circuits shown in FIG. 34A includes a transistor 30201, an
auxiliary capacitor 30202, a display element 30203, a video
signal line 30204, a scan line 30205, and a common line
30206.

A gate electrode of the transistor 30201 is electrically
connected to the scan line 30205; one of a source electrode
and a drain electrode of the transistor 30201 is electrically
connected to the video signal line 30204; and the other of the
source electrode and the drain electrode of the transistor
30201 is electrically connected to one of electrodes of the
auxiliary capacitor 30202 and one of electrodes of the display
element 30203. In addition, the other of the electrodes of the
auxiliary capacitor 30202 is electrically connected to the
common line 30206.

First, in each of pixels selected by the scan line 30205,
voltage corresponding to an image signal is applied to the
display element 30203 and the auxiliary capacitor 30202
through the video signal line 30204 because the transistor
30201 is turned on. At this time, when the image signal is a
signal which makes all of pixels connected to the common
line 30206 display a minimum gray scale or when the image
signal is a signal which makes all of the pixels connected to
the common line 30206 display a maximum gray scale, it is
not necessary that the image signal be written to each of the
pixels through the video signal line 30204. Voltage applied to
the display element 30203 can be changed by changing a
potential of the common line 30206 instead of writing the
image signal through the video signal line 30204.

Next, FIG. 34B is a diagram showing a plurality of pixel
circuits in which two common lines are provided with respect
to one scan line in a display device using a display element
which has capacitive properties like a liquid crystal element.
Each of the pixel circuits shown in FIG. 34B includes a
transistor 30211, an auxiliary capacitor 30212, a display ele-
ment 30213, a video signal line 30214, a scan line 30215, a
first common line 30216, and a second common line 30217.

A gate electrode of the transistor 30211 is electrically
connected to the scan line 30215; one of a source electrode
and a drain electrode of the transistor 30211 is electrically
connected to the video signal line 30214; and the other of the
source electrode and the drain electrode of the transistor
30211 is electrically connected to one of electrodes of the
auxiliary capacitor 30212 and one of electrodes of the display
element 30213. In addition, the other of the electrodes of the
auxiliary capacitor 30212 is electrically connected to the first
common line 30216. Further, in a pixel which is adjacent to
the pixel, the other of the electrodes of the auxiliary capacitor
30212 is electrically connected to the second common line
30217.

In the pixel circuits shown in FIG. 34B, the number of
pixels which are electrically connected to one common line is
small. Therefore, by changing a potential of the first common
line 30216 or the second common line 30217 instead of
writing an image signal through the video signal line 30214,
frequency of changing voltage applied to the display element
30213 is significantly increased. In addition, source inversion
driving or dot inversion driving can be performed. By per-
forming source inversion driving or dot inversion driving,
reliability of the element can be improved and a flicker can be
suppressed.

A scanning backlight is described with reference to FIGS.
35A1035C.FIG. 35A is a view showing a scanning backlight
in which cold cathode fluorescent lamps are arranged. The
scanning backlight shown in FIG. 35A includes a diffusion
plate 30301 and N pieces of cold cathode fluorescent lamps
30302-1 to 30302-N. The N pieces of the cold cathode fluo-
rescent lamps 30302-1 to 30302-N are arranged on the back
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side of the diffusion plate 30301, so that the N pieces of the
cold cathode fluorescent lamps 30302-1 to 30302-N can be
scanned while luminance thereof is changed.

Change in luminance of each of the cold cathode fluores-
cent lamps in scanning is described with reference to FIG.
35C. First, luminance of the cold cathode fluorescent lamp
30302-1 is changed for a certain period. After that, luminance
of the cold cathode fluorescent lamp 30302-2 which is pro-
vided adjacent to the cold cathode fluorescent lamp 30302-1
is changed for the same period. In this manner, luminance is
changed sequentially from the cold cathode fluorescent lamp
30302-1 to the cold cathode fluorescent lamp 30302-N.
Although luminance which is changed for a certain period is
set to be lower than original luminance in FIG. 35C, it may
also be higher than original luminance. In addition, although
scanning is performed from the cold cathode fluorescent
lamps 30302-1 to 30302-N, scanning may also be performed
from the cold cathode fluorescent lamps 30302-N to 30302-1,
which is in a reversed order.

By performing driving as in FIG. 35C, average luminance
of the backlight can be decreased. Therefore, power con-
sumption of the backlight, which mainly takes up power
consumption of the liquid crystal display device, can be
reduced.

Note that an LED may be used as a light source of the
scanning backlight. The scanning backlight in that case is as
shown in FIG. 35B. The scanning backlight shown in FIG.
35B includes a diffusion plate 30311 and light sources
30312-1 to 30312-N, in each of which LEDs are arranged.
When the LED is used as the light source of the scanning
backlight, there is an advantage in that the backlight can be
thin and lightweight. In addition, there is also an advantage
that a color reproduction area can be widened. Further, since
the LEDs which are arranged in each of the light sources
30312-1 to 30312-N can be similarly scanned, a dot scanning
backlight can also be obtained. By using the dot scanning
backlight, quality of a moving image can be further improved.

Note that when the LED is used as the light source of the
backlight, driving can be performed by changing luminance
as shown in FIG. 35C.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or may be
part of the contents) described in each drawing can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in another drawing.
Further, even more drawings can be formed by combining
each part with another part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment mode can be
freely applied to, combined with, or replaced with the con-
tents (or may be part of the contents) described in a drawing
in another embodiment mode or embodiment. Further, even
more drawings can be formed by combining each part with
part of another embodiment mode or embodiment in the
drawings of this embodiment mode.

This embodiment mode shows an example of an embodied
case of the contents (or may be part of the contents) described
in other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
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[Embodiment Mode 8]

In this embodiment mode, a pixel structure and an opera-
tion of a pixel which can be applied to a liquid crystal display
device are described.

In this embodiment mode, as an operation mode of a liquid
crystal element, a TN (twisted nematic) mode, an IPS (in-
plane-switching) mode, an FFS (fringe field switching)
mode, an MVA (multi-domain vertical alignment) mode, a
PVA (patterned vertical alignment) mode, an ASM (axially
symmetric aligned micro-cell) mode, an OCB (optical com-
pensated birefringence) mode, an FL.C (ferroelectric liquid
crystal) mode, an AFLC (antiferroelectric liquid crystal)
mode, or the like can be used.

FIG. 36 A shows an example of a pixel structure which can
be applied to the liquid crystal display device.

A pixel 40100 includes a transistor 40101, a liquid crystal
element 40102, and a capacitor 40103. A gate of the transistor
40101 is connected to a wiring 40105. A first electrode of the
transistor 40101 is connected to a wiring 40104. A second
electrode of the transistor 40101 is connected to a first elec-
trode of the liquid crystal element 40102 and a first electrode
of the capacitor 40103. A second electrode of the liquid
crystal element 40102 corresponds to a counter electrode
40107. A second electrode of the capacitor 40103 is con-
nected to a wiring 40106.

The wiring 40104 functions as a signal line. The wiring
40105 functions as a scan line. The wiring 40106 functions as
a capacitor line. The transistor 40101 functions as a switch.
The capacitor 40103 functions as a storage capacitor.

It is acceptable as long as the transistor 40101 functions as
a switch, and the transistor 40101 may be either a P-channel
transistor or an N-channel transistor.

A video signal is input to the wiring 40104. A scan signal is
input to the wiring 40105. A constant potential is supplied to
the wiring 40106. Note that the scan signal is an H-level or
L-level digital voltage signal. In the case where the transistor
40101 is an N-channel transistor, an H level of the scan signal
is a potential which can turn on the transistor 40101 and an L.
level of the scan signal is a potential which can turn off the
transistor 40101. Alternatively, in the case where the transis-
tor 40101 is a P-channel transistor, the H level of the scan
signal is a potential which can turn off the transistor 40101
and the L level of the scan signal is a potential which can turn
on the transistor 40101. Note that the video signal has analog
voltage. The video signal has a potential which is lower than
the H level of the scan signal and higher than the L. level of the
scan signal. Note that the constant potential supplied to the
wiring 40106 is preferably equal to a potential of the counter
electrode 40107.

Operations of the pixel 40100 are described by dividing the
whole operations into the case where the transistor 40101 is
on and the case where the transistor 40101 is off.

In the case where the transistor 40101 is on, the wiring
40104 is electrically connected to the first electrode (a pixel
electrode) of the liquid crystal element 40102 and the first
electrode of the capacitor 40103. Therefore, the video signal
is input to the first electrode (the pixel electrode) of the liquid
crystal element 40102 and the first electrode of the capacitor
40103 from the wiring 40104 through the transistor 40101. In
addition, the capacitor 40103 holds a potential difference
between a potential of the video signal and the potential
supplied to the wiring 40106.

In the case where the transistor 40101 is off, the wiring
40104 is not electrically connected to the first electrode (the
pixel electrode) of the liquid crystal element 40102 and the
first electrode of the capacitor 40103. Therefore, each of the
first electrode of the liquid crystal element 40102 and the first
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electrode ofthe capacitor 40103 is set in a floating state. Since
the capacitor 40103 holds the potential difference between
the potential of the video signal and the potential supplied to
the wiring 40106, each of the first electrode of the liquid
crystal element 40102 and the first electrode of the capacitor
40103 holds a potential which is the same as (corresponds to)
the video signal. Note that the liquid crystal element 40102
has transmissivity in accordance with the video signal.

FIG. 36B shows an example of a pixel structure which can
be applied to the liquid crystal display device. In particular,
FIG. 36B shows an example of a pixel structure which can be
applied to a liquid crystal display device suitable for a hori-
zontal electric field mode (including an IPS mode and an FFS
mode).

A pixel 40110 includes a transistor 40111, a liquid crystal
element 40112, and a capacitor 40113. A gate of the transistor
40111 is connected to a wiring 40115. A first electrode of the
transistor 40111 is connected to a wiring 40114. A second
electrode of the transistor 40111 is connected to a first elec-
trode of the liquid crystal element 40112 and a first electrode
of the capacitor 40113. A second electrode of the liquid
crystal element 40112 is connected to a wiring 40116. A
second electrode of the capacitor 40103 is connected to the
wiring 40116.

The wiring 40114 functions as a signal line. The wiring
40115 functions as a scan line. The wiring 40116 functions as
a capacitor line. The transistor 40111 functions as a switch.
The capacitor 40113 functions as a storage capacitor.

It is acceptable as long as the transistor 40111 functions as
a switch, and the transistor 40111 may be a P-channel tran-
sistor or an N-channel transistor.

A video signal is input to the wiring 40114. A scan signal is
input to the wiring 40115. A constant potential is supplied to
the wiring 40116. Note that the scan signal is an H-level or
L-level digital voltage signal. In the case where the transistor
40111 is an N-channel transistor, an H level of the scan signal
is a potential which can turn on the transistor 40111 and an L.
level of the scan signal is a potential which can turn off the
transistor 40111. Alternatively, in the case where the transis-
tor 40111 is a P-channel transistor, the H level of the scan
signal is a potential which can turn off the transistor 40111
and the L. level of the scan signal is a potential which can turn
on the transistor 40111. Note that the video signal has analog
voltage. The video signal has a potential which is lower than
the H level of the scan signal and higher than the [ level of the
scan signal.

Operations of the pixel 40110 are described by dividing the
whole operations into the case where the transistor 40111 is
on and the case where the transistor 40111 is off.

In the case where the transistor 40111 is on, the wiring
40114 is electrically connected to the first electrode (a pixel
electrode) of the liquid crystal element 40112 and the first
electrode of the capacitor 40113. Therefore, the video signal
is input to the first electrode (the pixel electrode) of the liquid
crystal element 40112 and the first electrode of the capacitor
40113 from the wiring 40114 through the transistor 40111. In
addition, the capacitor 40113 holds a potential difference
between a potential of the video signal and the potential
supplied to the wiring 40116.

In the case where the transistor 40111 is off, the wiring
40114 is not electrically connected to the first electrode (the
pixel electrode) of the liquid crystal element 40112 and the
first electrode of the capacitor 40113. Therefore, each of the
first electrode of the liquid crystal element 40112 and the first
electrode ofthe capacitor 40113 is set in a floating state. Since
the capacitor 40113 holds the potential difference between
the potential of the video signal and the potential supplied to
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the wiring 40116, each of the first electrode of the liquid
crystal element 40112 and the first electrode of the capacitor
40113 holds a potential which is the same as (corresponds to)
the video signal. Note that the liquid crystal element 40112
has transmissivity in accordance with the video signal.

FIG. 37 shows an example of a pixel structure which can be
applied to the liquid crystal display device. In particular, FIG.
37 shows an example of a pixel structure in which an aperture
ratio of a pixel can be increased by reducing the number of
wirings.

FIG. 37 shows two pixels which are provided in the same
column direction (a pixel 40200 and a pixel 40210). For
example, when the pixel 40200 is provided in an N-th row, the
pixel 40210 is provided in an (N+1)th row.

A pixel 40200 includes a transistor 40201, a liquid crystal
element 40202, and a capacitor 40203. A gate of the transistor
40201 is connected to a wiring 40205. A first electrode of the
transistor 40201 is connected to a wiring 40204. A second
electrode of the transistor 40201 is connected to a first elec-
trode of the liquid crystal element 40202 and a first electrode
of the capacitor 40203. A second electrode of the liquid
crystal element 40202 corresponds to a counter electrode
40207. A second electrode of the capacitor 40203 is con-
nected to a wiring which is the same as a wiring connected to
a gate of a transistor of the previous row.

A pixel 40210 includes a transistor 40211, a liquid crystal
element 40212, and a capacitor 40213. A gate of the transistor
40211 is connected to a wiring 40215. A first electrode of the
transistor 40211 is connected to the wiring 40204. A second
electrode of the transistor 40211 is connected to a first elec-
trode of the liquid crystal element 40212 and a first electrode
of the capacitor 40213. A second electrode of the liquid
crystal element 40212 corresponds to a counter electrode
40217. A second electrode of the capacitor 40213 is con-
nected to the wiring which is the same as the wiring connected
to the gate of the transistor of the previous row (the wiring
40205).

The wiring 40204 functions as a signal line. The wiring
40205 functions as a scan line of the N-th row. The transistor
40201 functions as a switch. The capacitor 40203 functions as
a storage capacitor.

The wiring 40215 functions as a scan line of the (N+1)th
row. The transistor 40211 functions as a switch. The capacitor
40213 functions as a storage capacitor.

It is acceptable as long as each of the transistor 40201 and
the transistor 40211 functions as a switch, and each of the
transistor 40201 and the transistor 40211 may be either a
P-channel transistor or an N-channel transistor.

A video signal is input to the wiring 40204. A scan signal
(of an N-th row) is input to the wiring 40205. A scan signal (of
an (N+1)th row) is input to the wiring 40215.

The scan signal is an H-level or L-level digital voltage
signal. In the case where the transistor 40201 (or the transistor
40211) is an N-channel transistor, an H level of the scan signal
is a potential which can turn on the transistor 40201 (or the
transistor 40211) and an L level of the scan signal is a poten-
tial which can turn off the transistor 40201 (or the transistor
40211). Alternatively, in the case where the transistor 40201
(or the transistor 40211) is a P-channel transistor, the H level
of the scan signal is a potential which can turn off the tran-
sistor 40201 (or the transistor 40211) and the L level of the
scan signal is a potential which can turn on the transistor
40201 (or the transistor 40211). Note that the video signal has
analog voltage. The video signal has a potential which is
lower than the H level of the scan signal and higher than the LL
level of the scan signal.
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Operations of the pixel 40200 are described by dividing the
whole operations into the case where the transistor 40201 is
on and the case where the transistor 40201 is off.

In the case where the transistor 40201 is on, the wiring
40204 is electrically connected to the first electrode (a pixel
electrode) of the liquid crystal element 40202 and the first
electrode of the capacitor 40203. Therefore, the video signal
is input to the first electrode (the pixel electrode) of the liquid
crystal element 40202 and the first electrode of the capacitor
40203 from the wiring 40204 through the transistor 40201. In
addition, the capacitor 40203 holds a potential difference
between a potential of the video signal and a potential sup-
plied to the wiring which is the same as the wiring connected
to the gate of the transistor of the previous row.

In the case where the transistor 40201 is off, the wiring
40204 is not electrically connected to the first electrode (the
pixel electrode) of the liquid crystal element 40202 and the
first electrode of the capacitor 40203. Therefore, each of the
first electrode of the liquid crystal element 40202 and the first
electrode ofthe capacitor 40203 is set in a floating state. Since
the capacitor 40203 holds the potential difference between
the potential of the video signal and the potential of the wiring
which is the same as the wiring connected to the gate of the
transistor of the previous row, each of the first electrode of the
liquid crystal element 40202 and the first electrode of the
capacitor 40203 holds a potential which is the same as (cor-
responds to) the video signal. Note that the liquid crystal
element 40202 has transmissivity in accordance with the
video signal.

Operations of the pixel 40210 are described by dividing the
whole operations into the case where the transistor 40211 is
on and the case where the transistor 40211 is off.

In the case where the transistor 40211 is on, the wiring
40214 is electrically connected to the first electrode (a pixel
electrode) of the liquid crystal element 40212 and the first
electrode of the capacitor 40213. Therefore, the video signal
is input to the first electrode (the pixel electrode) of the liquid
crystal element 40212 and the first electrode of the capacitor
40213 from the wiring 40214 through the transistor 40211. In
addition, the capacitor 40213 holds a potential difference
between a potential of the video signal and a potential sup-
plied to a wiring which is the same as the wiring connected to
the gate of the transistor of the previous row (the wiring
40205).

In the case where the transistor 40211 is off, the wiring
40214 is not electrically connected to the first electrode (the
pixel electrode) of the liquid crystal element 40212 and the
first electrode of the capacitor 40213. Therefore, each of the
first electrode of the liquid crystal element 40212 and the first
electrode ofthe capacitor 40213 is set in a floating state. Since
the capacitor 40103 holds the potential difference between
the potential of the video signal and the potential of the wiring
which is the same as the wiring connected to the gate of the
transistor of the previous row (the wiring 40215), each of the
first electrode (the pixel electrode) of the liquid crystal ele-
ment 40212 and the first electrode of the capacitor 40213
holds a potential which is the same as (corresponds to) the
video signal. Note that the liquid crystal element 40212 has
transmissivity in accordance with the video signal.

FIG. 38 shows an example of a pixel structure which can be
applied to the liquid crystal display device. In particular, FIG.
38 shows an example of a pixel structure in which a viewing
angle can be improved by using a subpixel.

A pixel 40320 includes a subpixel 40300 and a subpixel
40310. Although the case in which the pixel 40320 includes
two subpixels is described, the pixel 40320 may include three
or more subpixels.
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The subpixel 40300 includes a transistor 40301, a liquid
crystal element 40302, and a capacitor 40303. A gate of the
transistor 40301 is connected to a wiring 40305. A first elec-
trode of the transistor 40301 is connected to a wiring 40304.
A second electrode of the transistor 40301 is connected to a
first electrode of the liquid crystal element 40302 and a first
electrode of the capacitor 40301. A second electrode of the
liquid crystal element 40302 corresponds to a counter elec-
trode 40307. A second electrode of the capacitor 40303 is
connected to a wiring 40306.

The subpixel 40310 includes a transistor 40311, a liquid
crystal element 40312, and a capacitor 40313. A gate of the
transistor 40311 is connected to a wiring 40315. A first elec-
trode of the transistor 40311 is connected to the wiring 40304.
A second electrode of the transistor 40311 is connected to a
first electrode of the liquid crystal element 40312 and a first
electrode of the capacitor 40313. A second electrode of the
liquid crystal element 40312 corresponds to a counter elec-
trode 40317. A second electrode of the capacitor 40313 is
connected to a wiring 40306.

The wiring 40304 functions as a signal line. The wiring
40305 functions as a scan line. The wiring 40315 functions as
a signal line. The wiring 40306 functions as a capacitor line.
Each of the transistor 40301 and the transistor 40311 func-
tions as a switch. Each of the capacitor 40303 and the capaci-
tor 40313 functions as a storage capacitor.

It is acceptable as long as each of the transistor 40301 and
the transistor 40311 functions as a switch, and each of the
transistor 40301 and the transistor 40311 may be either a
P-channel transistor or an N-channel transistor.

A video signal is input to the wiring 40304. A scan signal is
input to the wiring 40305. A scan signal is input to the wiring
40315. A constant potential is supplied to the wiring 40306.

The scan signal is an H-level or L-level digital voltage
signal. In the case where the transistor 40301 (or the transistor
40311) is an N-channel transistor, an H level of the scan signal
is a potential which can turn on the transistor 40301 (or the
transistor 40311) and an L level of the scan signal is a poten-
tial which can turn off the transistor 40301 (or the transistor
40311). Alternatively, in the case where the transistor 40301
(or the transistor 40311) is a P-channel transistor, the H level
of the scan signal is a potential which can turn off the tran-
sistor 40301 (or the transistor 40311) and the L level of the
scan signal is a potential which can turn on the transistor
40301 (or the transistor 40311). Note that the video signal has
analog voltage. The video signal has a potential which is
lower than the H level of the scan signal and higher than the LL
level of the scan signal. Note that the constant potential sup-
plied to the wiring 40306 is preferably equal to a potential of
the counter electrode 40307.

Operations of the pixel 40320 are described by dividing the
whole operations into the case where the transistor 40301 is
on and the transistor 40311 is off, the case where the transistor
40301 is off and the transistor 40311 is on, and the case where
the transistor 40301 and the transistor 40311 are off.

In the case where the transistor 40301 is on and the tran-
sistor 40311 is off, the wiring 40304 is electrically connected
to the first electrode (a pixel electrode) of the liquid crystal
element 40302 and the first electrode of the capacitor 40303
in the subpixel 40300. Therefore, the video signal is input to
the first electrode (the pixel electrode) of the liquid crystal
element 40302 and the first electrode of the capacitor 40303
from the wiring 40304 through the transistor 40301. In addi-
tion, the capacitor 40303 holds a potential difference between
a potential of the video signal and a potential supplied to the
wiring 40306. At this time, the wiring 40304 is not electrically
connected to the first electrode (the pixel electrode) of the
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liquid crystal element 40312 and the first electrode of the
capacitor 40313 in the subpixel 40310. Therefore, the video
signal is not input to the subpixel 40310.

In the case where the transistor 40301 is off and the tran-
sistor 40311 is on, the wiring 40304 is not electrically con-
nected to the first electrode (the pixel electrode) of the liquid
crystal element 40302 and the first electrode of the capacitor
40303 in the subpixel 40300. Therefore, each of the first
electrode of the liquid crystal element 40302 and the first
electrode ofthe capacitor 40303 is set in a floating state. Since
the capacitor 40303 holds the potential difference between
the potential of the video signal and the potential supplied to
the wiring 40306, each of the first electrode of the liquid
crystal element 40302 and the first electrode of the capacitor
40303 holds a potential which is the same as (corresponds to)
the video signal. At this time, the wiring 40304 is electrically
connected to the first electrode (the pixel electrode) of the
liquid crystal element 40312 and the first electrode of the
capacitor 40313 in the subpixel 40310. Therefore, the video
signal is input to the first electrode (the pixel electrode) of the
liquid crystal element 40312 and the first electrode of the
capacitor 40313 from the wiring 40304 through the transistor
40311. In addition, the capacitor 40313 holds a potential
difference between a potential ofthe video signal and a poten-
tial supplied to the wiring 40306.

In the case where the transistor 40301 and the transistor
40311 are off;, the wiring 40304 is not electrically connected
to the first electrode (the pixel electrode) of the liquid crystal
element 40302 and the first electrode of the capacitor 40303
in the subpixel 40300. Therefore, each of the first electrode of
the liquid crystal element 40302 and the first electrode of the
capacitor 40303 is set in a floating state. Since the capacitor
40303 holds the potential difference between the potential of
the video signal and the potential supplied to the wiring
40306, each of the first electrode of the liquid crystal element
40302 and the first electrode of the capacitor 40303 holds a
potential which is the same as (corresponds to) the video
signal. Note that the liquid crystal element 40302 has trans-
missivity in accordance with the video signal. At this time, the
wiring 40304 is not electrically connected to the first elec-
trode (the pixel electrode) of the liquid crystal element 40312
and the first electrode of the capacitor 40313 similarly in the
subpixel 40310. Therefore, each of the first electrode of the
liquid crystal element 40312 and the first electrode of the
capacitor 40313 is set in a floating state. Since the capacitor
40313 holds the potential difference between the potential of
the video signal and the potential of the wiring 40316, each of
the first electrode of the liquid crystal element 40312 and the
first electrode of the capacitor 40313 holds a potential which
is the same as (corresponds to) the video signal. Note that the
liquid crystal element 40312 has transmissivity in accordance
with the video signal.

A video signal input to the subpixel 40300 may be a value
which is different from that of a video signal input to the
subpixel 40310. In this case, the viewing angle can be wid-
ened because alignment of liquid crystal molecules of the
liquid crystal element 40302 and alignment of liquid crystal
molecules of the liquid crystal element 40312 can be varied
from each other.

Although this embodiment mode is described with refer-
ence to various drawings, the contents (or may be part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in another drawing. Further, even
more drawings can be formed by combining each part with
another part in the above-described drawings.
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Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment mode can be
freely applied to, combined with, or replaced with the con-
tents (or may be part of the contents) described in a drawing
in another embodiment mode or embodiment. Further, even
more drawings can be formed by combining each part with
part of another embodiment mode or embodiment in the
drawings of this embodiment mode.

This embodiment mode shows an example of an embodied
case of the contents (or may be part of the contents) described
in other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 9]

In this embodiment mode, various liquid crystal modes are
described.

First, various liquid crystal modes are described with ref-
erence to cross-sectional views.

FIGS. 39A and 39B are schematic views of cross sections
of'a TN mode.

Aliquid crystal layer 50100 is held between a first substrate
50101 and a second substrate 50102 which are provided so as
to be opposite to each other. A first electrode 50105 is formed
on a top surface of the first substrate 50101. A second elec-
trode 50106 is formed on a top surface of the second substrate
50102. A first polarizing plate 50103 is provided on a surface
of the first substrate 50101, which does not face the liquid
crystal layer. A second polarizing plate 50104 is provided on
a surface of the second substrate 50102, which does not face
the liquid crystal layer. Note that the first polarizing plate
50103 and the second polarizing plate 50104 are provided so
as to be in a cross nicol state.

The first polarizing plate 50103 may be provided on the top
surface of the first substrate 50101. The second polarizing
plate 50104 may be provided on the top surface of the second
substrate 50102.

It is acceptable as long as at least one of or both the first
electrode 50105 and the second electrode 50106 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50105 and the second electrode 50106 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 39A is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50105 and the
second electrode 50106 (referred to as a vertical electric field
mode). Since liquid crystal molecules are aligned longitudi-
nally, light emitted from a backlight is not affected by bire-
fringence of the liquid crystal molecules. In addition, since
the first polarizing plate 50103 and the second polarizing
plate 50104 are provided so as to be in a cross nicol state, light
emitted from the backlight cannot pass through the substrate.
Therefore, black display is performed.

Note that by controlling voltage applied to the first elec-
trode 50105 and the second electrode 50106, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 39B is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50105 and
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the second electrode 50106. Since the liquid crystal mol-
ecules are aligned laterally and rotated in a plane, light emit-
ted from a backlight is affected by birefringence of the liquid
crystal molecules. In addition, since the first polarizing plate
50103 and the second polarizing plate 50104 are provided so
as to be in a cross nicol state, light emitted from the backlight
passes through the substrate. Therefore, white display is per-
formed. This is a so-called normally white mode.

A liquid crystal display device having a structure shown in
FIG. 39A or FIG. 39B can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50101 side or a second substrate 50102 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for a TN mode.

FIGS. 40A and 40B are schematic views of cross sections
of'a VA mode. In the VA mode, liquid crystal molecules are
aligned such that they are vertical to a substrate when there is
no electric field.

Aliquid crystal layer 50200 is held between a first substrate
50201 and a second substrate 50202 which are provided so as
to be opposite to each other. A first electrode 50205 is formed
on a top surface of the first substrate 50201. A second elec-
trode 50206 is formed on a top surface of the second substrate
50202. A first polarizing plate 50203 is provided on a surface
of the first substrate 50201, which does not face the liquid
crystal layer. A second polarizing plate 50204 is provided on
a surface of the second substrate 50202, which does not face
the liquid crystal layer. Note that the first polarizing plate
50203 and the second polarizing plate 50204 are provided so
as to be in a cross nicol state.

The first polarizing plate 50203 may be provided on the top
surface of the first substrate 50201. The second polarizing
plate 50204 may be provided on the top surface of the second
substrate 50202.

It is acceptable as long as at least one of or both the first
electrode 50205 and the second electrode 50206 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50205 and the second electrode 50206 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 40A is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50205 and the
second electrode 50206 (referred to as a vertical electric field
mode). Since liquid crystal molecules are aligned laterally,
light emitted from a backlight is affected by birefringence of
the liquid crystal molecules. In addition, since the first polar-
izing plate 50203 and the second polarizing plate 50204 are
provided so as to be in a cross nicol state, light emitted from
the backlight passes through the substrate. Therefore, white
display is performed.

Note that by controlling voltage applied to the first elec-
trode 50205 and the second electrode 50206, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 40B is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50205 and
the second electrode 50206. Since liquid crystal molecules
are aligned longitudinally, light emitted from a backlight is
not affected by birefringence of the liquid crystal molecules.
In addition, since the first polarizing plate 50203 and the
second polarizing plate 50204 are provided so as to be in a
cross nicol state, light emitted from the backlight does not
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pass through the substrate. Therefore, black display is per-
formed. This is a so-called normally black mode.

A liquid crystal display device having a structure shown in
FIG. 40A or FIG. 40B can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50201 side or a second substrate 50202 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for a VA mode.

FIGS. 40C and 40D are schematic views of cross sections
of an MVA mode. In the MVA mode, viewing angle depen-
dency of each portion is compensated by each other.

Aliquid crystal layer 50210 is held between a first substrate
50211 and a second substrate 50212 which are provided so as
to be opposite to each other. A first electrode 50215 is formed
on a top surface of the first substrate 50211. A second elec-
trode 50216 is formed on a top surface of the second substrate
50212. A first protrusion 50217 for controlling alignment is
formed on the first electrode 50215. A second protrusion
50218 for controlling alignment is formed over the second
electrode 50216. A first polarizing plate 50213 is provided on
a surface of the first substrate 50211, which does not face the
liquid crystal layer. A second polarizing plate 50214 is pro-
vided on a surface of the second substrate 50212, which does
not face the liquid crystal layer. Note that the first polarizing
plate 50213 and the second polarizing plate 50214 are pro-
vided so as to be in a cross nicol state.

The first polarizing plate 50213 may be provided on the top
surface of the first substrate 50211. The second polarizing
plate 50214 may be provided on the top surface of the second
substrate 50212.

It is acceptable as long as at least one of or both the first
electrode 50215 and the second electrode 50216 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50215 and the second electrode 50216 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 40C is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50215 and the
second electrode 50216 (referred to as a vertical electric field
mode). Since liquid crystal molecules are aligned so as to tilt
toward the first protrusion 50217 and the second protrusion
50218, light emitted from a backlight is affected by birefrin-
gence of the liquid crystal molecules. In addition, since the
first polarizing plate 50213 and the second polarizing plate
50214 are provided so as to be in a cross nicol state, light
emitted from the backlight passes through the substrate.
Therefore, white display is performed.

Note that by controlling voltage applied to the first elec-
trode 50215 and the second electrode 50216, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 40D is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50215 and
the second electrode 50216. Since liquid crystal molecules
are aligned longitudinally, light emitted from a backlight is
not affected by birefringence of the liquid crystal molecules.
In addition, since the first polarizing plate 50213 and the
second polarizing plate 50214 are provided so as to be in a
cross nicol state, light emitted from the backlight does not
pass through the substrate. Therefore, black display is per-
formed. This is a so-called normally black mode.

A liquid crystal display device having a structure shown in
FIG. 40C or FIG. 40D can perform full-color display by being
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provided with a color filter. The color filter can be provided on
a first substrate 50211 side or a second substrate 50212 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for an MVA mode.

FIGS. 41 A and 41B are schematic views of cross sections
of an OCB mode. In the OCB mode, viewing angle depen-
dency is low because alignment of liquid crystal molecules in
a liquid crystal layer can be optically compensated. This state
of the liquid crystal molecules is referred to as bend align-
ment.

Aliquid crystal layer 50300 is held between a first substrate
50301 and a second substrate 50302 which are provided so as
to be opposite to each other. A first electrode 50305 is formed
on a top surface of the first substrate 50301. A second elec-
trode 50306 is formed on a top surface of the second substrate
50302. A first polarizing plate 50303 is provided on a surface
of the first substrate 50301, which does not face the liquid
crystal layer. A second polarizing plate 50304 is provided on
a surface of the second substrate 50302, which does not face
the liquid crystal layer. Note that the first polarizing plate
50303 and the second polarizing plate 50304 are provided so
as to be in a cross nicol state.

The first polarizing plate 50303 may be provided on the top
surface of the first substrate 50301. The second polarizing
plate 50304 may be provided on the top surface of the second
substrate 50302.

It is acceptable as long as at least one of or both the first
electrode 50305 and the second electrode 50306 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50305 and the second electrode 50306 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 41A is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50305 and the
second electrode 50306 (referred to as a vertical electric field
mode). Since liquid crystal molecules are aligned longitudi-
nally, light emitted from a backlight is not affected by bire-
fringence of the liquid crystal molecules. In addition, since
the first polarizing plate 50303 and the second polarizing
plate 50304 are provided so as to be in a cross nicol state, light
emitted from the backlight does not pass through the sub-
strate. Therefore, black display is performed.

Note that by controlling voltage applied to the first elec-
trode 50305 and the second electrode 50306, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 41B is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50305 and
the second electrode 50306. Since liquid crystal molecules
are in a bend alignment state, light emitted from a backlight is
affected by birefringence of the liquid crystal molecules. In
addition, since the first polarizing plate 50303 and the second
polarizing plate 50304 are provided so as to be in a cross nicol
state, light emitted from the backlight passes through the
substrate. Therefore, white display is performed. This is a
so-called normally white mode.

A liquid crystal display device having a structure shown in
FIG. 41A or FIG. 41B can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50301 side or a second substrate 50302 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for an OCB mode.
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FIGS. 41C and 41D are schematic views of cross sections
of an FLC mode or an AFLC mode.

Aliquid crystal layer 50310 is held between a first substrate
50311 and a second substrate 50312 which are provided so as
to be opposite to each other. A first electrode 50315 is formed
on a top surface of the first substrate 50311. A second elec-
trode 50316 is formed on a top surface of the second substrate
50312. A first polarizing plate 50313 is provided on a surface
of the first substrate 50311, which does not face the liquid
crystal layer. A second polarizing plate 50314 is provided on
a surface of the second substrate 50312, which does not face
the liquid crystal layer. Note that the first polarizing plate
50313 and the second polarizing plate 50314 are provided so
as to be in a cross nicol state.

The first polarizing plate 50313 may be provided on the top
surface of the first substrate 50311. The second polarizing
plate 50314 may be provided on the top surface of the second
substrate 50312.

It is acceptable as long as at least one of or both the first
electrode 50315 and the second electrode 50316 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50315 and the second electrode 50316 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 41C is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50315 and the
second electrode 50316 (referred to as a vertical electric field
mode). Since liquid crystal molecules are aligned laterally in
a direction which is deviated from a rubbing direction, light
emitted from a backlight is affected by birefringence of the
liquid crystal molecules. In addition, since the first polarizing
plate 50313 and the second polarizing plate 50314 are pro-
vided so as to be in a cross nicol state, light emitted from the
backlight passes through the substrate. Therefore, white dis-
play is performed.

Note that by controlling voltage applied to the first elec-
trode 50315 and the second electrode 50316, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 41D is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50315 and
the second electrode 50316. Since liquid crystal molecules
are aligned laterally in a rubbing direction, light emitted from
a backlight is not affected by birefringence of the liquid
crystal molecules. In addition, since the first polarizing plate
50313 and the second polarizing plate 50314 are provided so
as to be in a cross nicol state, light emitted from the backlight
does not pass through the substrate. Therefore, black display
is performed. This is a so-called normally black mode.

A liquid crystal display device having a structure shown in
FIG. 41C or FIG. 41D can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50311 side or a second substrate 50312 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for an FL.C mode or an AFL.C
mode.

FIGS. 42A and 42B are schematic views of cross sections
of'an IPS mode. In the IPS mode, alignment of liquid crystal
molecules in a liquid crystal layer can be optically compen-
sated, the liquid crystal molecules are constantly rotated in a
plane parallel to a substrate, and a horizontal electric field
method in which electrodes are provided only on one sub-
strate side is used.
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Aliquid crystal layer 50400 is held between a first substrate
50401 and a second substrate 50402 which are provided so as
to be opposite to each other. A first electrode 50405 and a
second electrode 50406 are formed on a top surface of the
second substrate 50402. A first polarizing plate 50403 is
provided on a surface of the first substrate 50401, which does
not face the liquid crystal layer. A second polarizing plate
50404 is provided on a surface of the second substrate 50402,
which does not face the liquid crystal layer. Note that the first
polarizing plate 50403 and the second polarizing plate 50404
are provided so as to be in a cross nicol state.

The first polarizing plate 50403 may be provided on the top
surface of the first substrate 50401. The second polarizing
plate 50404 may be provided on the top surface of the second
substrate 50402.

It is acceptable as long as both the first electrode 50405 and
the second electrode 50406 have light-transmitting proper-
ties. Alternatively, part of one of the first electrode 50405 and
the second electrode 50406 may have reflectivity.

FIG. 42A is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50405 and the
second electrode 50406 (referred to as a horizontal electric
field mode). Since liquid crystal molecules are aligned along
a line of electric force which is deviated from a rubbing
direction, light emitted from a backlight is affected by bire-
fringence of the liquid crystal molecules. In addition, since
the first polarizing plate 50403 and the second polarizing
plate 50404 are provided so as to be in a cross nicol state, light
emitted from the backlight passes through the substrate.
Therefore, white display is performed.

Note that by controlling voltage applied to the first elec-
trode 50405 and the second electrode 50406, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 42B is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50405 and
the second electrode 50406. Since liquid crystal molecules
are aligned laterally in a rubbing direction, light emitted from
a backlight is not affected by birefringence of the liquid
crystal molecules. In addition, since the first polarizing plate
50403 and the second polarizing plate 50404 are provided so
as to be in a cross nicol state, light emitted from the backlight
does not pass through the substrate. Therefore, black display
is performed. This is a so-called normally black mode.

A liquid crystal display device having a structure shown in
FIG. 42 A or FIG. 42B can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50401 side or a second substrate 50402 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for an IPS mode.

FIGS. 42C and 42D are schematic views of cross sections
of'an FFS mode. In the FFS mode, alignment of liquid crystal
molecules in a liquid crystal layer can be optically compen-
sated, the liquid crystal molecules are constantly rotated in a
plane parallel to a substrate, and a horizontal electric field
method in which electrodes are provided only on one sub-
strate side is used.

Aliquid crystal layer 50410 is held between a first substrate
50411 and a second substrate 50412 which are provided so as
to be opposite to each other. A second electrode 50416 is
formed on a top surface of the second substrate 50412. An
insulating film 50417 is formed on a top surface of the second
electrode 50416. A first electrode 50415 is formed over the
insulating film 50417. A first polarizing plate 50413 is pro-
vided on a surface of the first substrate 50411, which does not
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face the liquid crystal layer. A second polarizing plate 50414
is provided on a surface of the second substrate 50412, which
does not face the liquid crystal layer. Note that the first polar-
izing plate 50413 and the second polarizing plate 50414 are
provided so as to be in a cross nicol state.

The first polarizing plate 50413 may be provided on the top
surface of the first substrate 50411. The second polarizing
plate 50414 may be provided on the top surface of the second
substrate 50412.

It is acceptable as long as at least one of or both the first
electrode 50415 and the second electrode 50416 have light-
transmitting properties (a transmissive or reflective liquid
crystal display device). Alternatively, both the first electrode
50415 and the second electrode 50416 may have light-trans-
mitting properties, and part of one of the electrodes may have
reflectivity (a semi-transmissive liquid crystal display
device).

FIG. 42C is a schematic view of a cross section in the case
where voltage is applied to the first electrode 50415 and the
second electrode 50416 (referred to as a horizontal electric
field mode). Since liquid crystal molecules are aligned along
a line of electric force which is deviated from a rubbing
direction, light emitted from a backlight is affected by bire-
fringence of the liquid crystal molecules. In addition, since
the first polarizing plate 50413 and the second polarizing
plate 50414 are provided so as to be in a cross nicol state, light
emitted from the backlight passes through the substrate.
Therefore, white display is performed.

Note that by controlling voltage applied to the first elec-
trode 50415 and the second electrode 50416, conditions of the
liquid crystal molecules can be controlled. Therefore, since
the amount of light emitted from the backlight passing
through the substrate can be controlled, predetermined image
display can be performed.

FIG. 42D is a schematic view of a cross section in the case
where voltage is not applied to the first electrode 50415 and
the second electrode 50416. Since liquid crystal molecules
are aligned laterally in a rubbing direction, light emitted from
the backlight is not affected by birefringence of the liquid
crystal molecules. In addition, since the first polarizing plate
50413 and the second polarizing plate 50414 are provided so
as to be in a cross nicol state, light emitted from the backlight
does not pass through the substrate. Therefore, black display
is performed. This is a so-called normally black mode.

A liquid crystal display device having a structure shown in
FIG. 42C or FIG. 42D can perform full-color display by being
provided with a color filter. The color filter can be provided on
a first substrate 50411 side or a second substrate 50412 side.

It is acceptable as long as a known material is used for a
liquid crystal material used for an FFS mode.

Next, various liquid crystal modes are described with ref-
erence to top plan views.

FIG. 43 is a top plan view of a pixel portion to which an
MVA mode is applied. In the MVA mode, viewing angle
dependency of each portion is compensated by each other.

FIG. 43 shows a first pixel electrode 50501, second pixel
electrodes (50502a, 505025, and 50502c¢), and a protrusion
50503. The first pixel electrode 50501 is formed over the
entire surface of a counter substrate. The protrusion 50503 is
formed so as to be a dogleg shape. In addition, the second
pixel electrodes (50502a, 505025, and 50502¢) are formed
over the first pixel electrode 50501 so as to have shapes
corresponding to the protrusion 50503.

Opening portions of the second pixel electrodes (50502a,
505024, and 50502¢) function like protrusions.

In the case where voltage is applied to the first pixel elec-
trode 50501 and the second pixel electrodes (50502a,
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505025, and 50502¢) (referred to as a vertical electric field
mode), liquid crystal molecules are aligned so as to tilt toward
the opening portions of the second pixel electrodes (50502a,
505025, and 50502¢) and the protrusion 50503. Since light
emitted from a backlight passes through a substrate when a
pair of polarizing plates is provided so as to be in a cross nicol
state, white display is performed.

Note that by controlling voltage applied to the first pixel
electrode 50501 and the second pixel electrodes (50502a,
505025, and 50502c¢), conditions of the liquid crystal mol-
ecules can be controlled. Therefore, since the amount of light
emitted from the backlight passing through the substrate can
be controlled, predetermined image display can be per-
formed.

In the case where voltage is not applied to the first pixel
electrode 50501 and the second pixel electrodes (50502a,
505025, and 50502¢), the liquid crystal molecules are aligned
longitudinally. Since light emitted from the backlight does
not pass through a panel when the pair of polarizing plates is
provided so as to be in the cross nicol state, black display is
performed. This is a so-called normally black mode.

It is acceptable as long as a known material is used for a
liquid crystal material used for an MVA mode.

FIGS. 44A to 44D are top plan views of a pixel portion to
which an IPS mode is applied. In the IPS mode, alignment of
liquid crystal molecules in a liquid crystal layer can be opti-
cally compensated, the liquid crystal molecules are con-
stantly rotated in a plane parallel to a substrate, and a hori-
zontal electric field method in which electrodes are provided
only on one substrate side is used.

In the IPS mode, a pair of electrodes is formed so as to have
different shapes.

FIG. 44 A shows a first pixel electrode 50601 and a second
pixel electrode 50602. The first pixel electrode 50601 and the
second pixel electrode 50602 are wavy shapes.

FIG. 44B shows a first pixel electrode 50611 and a second
pixel electrode 50612. The first pixel electrode 50611 and the
second pixel electrode 50612 have shapes having concentric
openings.

FIG. 44C shows a first pixel electrode 50621 and a second
pixel electrode 50622. The first pixel electrode 50621 and the
second pixel electrode 50622 are comb shapes and partially
overlap with each other.

FIG. 44D shows a first pixel electrode 50631 and a second
pixel electrode 50632. The first pixel electrode 50631 and the
second pixel electrode 50632 are comb shapes in which elec-
trodes engage with each other.

In the case where voltage is applied to the first pixel elec-
trodes (50601, 50611, 50621, and 50631) and the second
pixel electrodes (50602, 50612, 50622, and 50623) (referred
to as a horizontal electric field mode), liquid crystal mol-
ecules are aligned along a line of electric force which is
deviated from a rubbing direction. Since light emitted from a
backlight passes through a substrate when a pair of polarizing
plates is provided so as to be in a cross nicol state, white
display is performed.

Note that by controlling voltage applied to the first pixel
electrodes (50601, 50611, 50621, and 50631) and the second
pixel electrodes (50602, 50612, 50622, and 50623), condi-
tions of the liquid crystal molecules can be controlled. There-
fore, since the amount of light emitted from the backlight
passing through the substrate can be controlled, predeter-
mined image display can be performed.

In the case where voltage is not applied to the first pixel
electrodes (50601, 50611, 50621, and 50631) and the second
pixel electrodes (50602, 50612, 50622, and 50623), the liquid
crystal molecules are aligned laterally in the rubbing direc-
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tion. Since light emitted from the backlight does not pass
through the substrate when the pair of polarizing plates is
provided so as to be in the cross nicol state, black display is
performed. This is a so-called normally black mode.

It is acceptable as long as a known material be used for a
liquid crystal material used for an IPS mode.

FIGS. 45A to 45D are top plan views of a pixel portion to
which an FFS mode is applied. In the FFS mode, alignment of
liquid crystal molecules in a liquid crystal layer can be opti-
cally compensated, the liquid crystal molecules are con-
stantly rotated in a plane parallel to a substrate, and a hori-
zontal electric field method in which electrodes are provided
only on one substrate side is used.

In the FFS mode, a first electrode is formed over a top
surface of a second electrode so as to be various shapes.

FIG. 45A shows a first pixel electrode 50701 and a second
pixel electrode 50702. The first pixel electrode 50701 is a bent
dogleg shape. The second pixel electrode 50702 is not nec-
essarily patterned.

FIG. 45B shows a first pixel electrode 50711 and a second
pixel electrode 50712. The first pixel electrode 50711 is a
concentric shape. The second pixel electrode 50712 is not
necessarily patterned.

FIG. 45C shows a first pixel electrode 50721 and a second
pixel electrode 50722. The first pixel electrode 50721 is a
winding shape. The second pixel electrode 50722 is not nec-
essarily patterned.

FIG. 45D shows a first pixel electrode 50731 and a second
pixel electrode 50732. The first pixel electrode 50731 is a
comb shape. The second pixel electrode 50732 is not neces-
sarily patterned.

In the case where voltage is applied to the first pixel elec-
trodes (50701, 50711, 50721, and 50731) and the second
pixel electrodes (50702, 50712, 50722, and 50723) (referred
to as a horizontal electric field mode), liquid crystal mol-
ecules are aligned along a line of electric force which is
deviated from a rubbing direction. Since light emitted from a
backlight passes through a substrate when a pair of polarizing
plates is provided so as to be in a cross nicol state, white
display is performed.

Note that by controlling voltage applied to the first pixel
electrodes (50701, 50711, 50721, and 50731) and the second
pixel electrodes (50702, 50712, 50722, and 50723), condi-
tions of the liquid crystal molecules can be controlled. There-
fore, since the amount of light emitted from the backlight
passing through the substrate can be controlled, predeter-
mined image display can be performed.

In the case where voltage is not applied to the first pixel
electrodes (50701, 50711, 50721, and 50731) and the second
pixel electrodes (50702,50712, 50722, and 50723), the liquid
crystal molecules are aligned laterally in the rubbing direc-
tion. Since light emitted from the backlight does not pass
through the substrate when the pair of polarizing plates is
provided so as to be in the cross nicol state, black display is
performed. This is a so-called normally black mode.

It is acceptable as long as a known material is used for a
liquid crystal material used for an FFS mode.

Although this embodiment mode is described with refer-
ence to various drawings, the contents (or may be part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in another drawing. Further, even
more drawings can be formed by combining each part with
another part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment mode can be
freely applied to, combined with, or replaced with the con-
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tents (or may be part of the contents) described in a drawing
in another embodiment mode or embodiment. Further, even
more drawings can be formed by combining each part with
part of another embodiment mode or embodiment in the
drawings of this embodiment mode.

This embodiment mode shows an example of an embodied
case of the contents (or may be part of the contents) described
in other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 10]

In this embodiment mode, a pixel structure of a display
device is described. In particular, a pixel structure of a display
device using an organic EL element is described.

FIG. 46A shows an example of a top plan view (a layout
diagram) of a pixel including two transistors. F1G. 46B shows
an example of a cross-sectional view along X-X'in FIG. 46A.

FIG. 46A shows a first transistor 60105, a first wiring
60106, a second wiring 60107, a second transistor 60108, a
third wiring 60111, a counter electrode 60112, a capacitor
60113, a pixel electrode 60115, a partition wall 60116, an
organic conductive film 60117, an organic thin film 60118,
and a substrate 60119. Note that it is preferable that the first
transistor 60105 be used as a switching transistor, the first
wiring 60106 as a gate signal line, the second wiring 60107 as
a source signal line, the second transistor 60108 as a driving
transistor, and the third wiring 60111 as a current supply line.

A gate electrode of the first transistor 60105 is electrically
connected to the first wiring 60106. One of a source electrode
and a drain electrode of the first transistor 60105 is electri-
cally connected to the second wiring 60107. The other of the
source electrode and the drain electrode of the first transistor
60105 is electrically connected to a gate electrode of the
second transistor 60108 and one electrode of the capacitor
60113. Note that the gate electrode of the first transistor
60105 includes a plurality of gate electrodes. Accordingly,
leakage current in the off state of the first transistor 60105 can
be reduced.

One of a source electrode and a drain electrode of the
second transistor 60108 is electrically connected to the third
wiring 60111, and the other of the source electrode and the
drain electrode of the second transistor 60108 is electrically
connected to the pixel electrode 60115. Accordingly, current
flowing to the pixel electrode 60115 can be controlled by the
second transistor 60108.

The organic conductive film 60117 is provided over the
pixel electrode 60115, and the organic thin film 60118 (an
organic compound layer) is provided thereover. The counter
electrode 60112 is provided over the organic thin film 60118
(the organic compound layer). Note that the counter electrode
60112 may be formed over the entire surface to be connected
to all the pixels in common, or may be patterned using a
shadow mask or the like.

Light emitted from the organic thin film 60118 (the organic
compound layer) is transmitted through either the pixel elec-
trode 60115 or the counter electrode 60112.

In FIG. 46B, the case where light is emitted to the pixel
electrode side, that is, a side on which the transistor and the
like are formed is referred to as bottom emission; and the case
where light is emitted to the counter electrode side is referred
to as top emission.
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Inthe case of bottom emission, it is preferable that the pixel
electrode 60115 be formed of a light-transmitting conductive
film. On the other hand, in the case of top emission, it is
preferable that the counter electrode 60112 be formed of a
light-transmitting conductive film.

In a light-emitting device for color display, EL elements
having respective light emission colors of RGB may be sepa-
rately formed, or an EL. element with a single color may be
formed over an entire surface and light emission of RGB can
be obtained by using a color filter.

Note that the structures shown in FIGS. 46 A and 46B are
examples, and various structures can be employed for a pixel
layout, a cross-sectional structure, a stacking order of elec-
trodes of an EL element, and the like, other than the structures
shown in FIGS. 46A and 46B. Further, as a light-emitting
element, various elements such as a crystalline element such
as an LED, and an element formed of an inorganic thin film
can be used as well as the element formed of the organic thin
film shown in the drawing.

FIG. 47A shows an example of a top plan view (a layout
diagram) of a pixel including three transistors. FIG. 47B
shows an example of a cross-sectional view along X-X' in
FIG. 47A.

FIG. 47A shows a substrate 60200, a first wiring 60201, a
second wiring 60202, a third wiring 60203, a fourth wiring
60204, a first transistor 60205, a second transistor 60206, a
third transistor 60207, a pixel electrode 60208, a partition
wall 60211, an organic conductive film 60212, an organic thin
film 60213, and a counter electrode 60214. Note that it is
preferable that the first wiring 60201 be used as a source
signal line, the second wiring 60202 as a gate signal line for
writing, the third wiring 60203 as a gate signal line for eras-
ing, the fourth wiring 60204 as a current supply line, the first
transistor 60205 as a switching transistor, the second transis-
tor 60206 as an erasing transistor, and the third transistor
60207 as a driving transistor.

A gate electrode of the first transistor 60205 is electrically
connected to the second wiring 60202. One of a source elec-
trode and a drain electrode of the first transistor 60205 is
electrically connected to the first wiring 60201. The other of
the source electrode and the drain electrode of the first tran-
sistor 60205 is electrically connected to a gate electrode of the
third transistor 60207. Note that the gate electrode of the first
transistor 60205 includes a plurality of gate electrodes.
Accordingly, leakage current in the off state of the first tran-
sistor 60205 can be reduced.

A gate electrode of the second transistor 60206 is electri-
cally connected to the third wiring 60203. One of a source
electrode and a drain electrode of the second transistor 60206
is electrically connected to the fourth wiring 60204. The other
of the source electrode and the drain electrode of the second
transistor 60206 is electrically connected to the gate electrode
of the third transistor 60207. Note that the gate electrode of
the second transistor 60206 includes a plurality of gate elec-
trodes. Accordingly, leakage current in the off state of the
second transistor 60206 can be reduced.

One of a source electrode and a drain electrode of the third
transistor 60207 is electrically connected to the fourth wiring
60204, and the other of the source electrode and the drain
electrode of the third transistor 60207 is electrically con-
nected to the pixel electrode 60208. Accordingly, current
flowing to the pixel electrode 60208 can be controlled by the
third transistor 60207.

The organic conductive film 60212 is provided over the
pixel electrode 60208, and the organic thin film 60213 (an
organic compound layer) is provided thereover. The counter
electrode 60214 is provided over the organic thin film 60213
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(the organic compound layer). Note that the counter electrode
60214 may be formed over the entire surface to be connected
to all the pixels in common, or may be patterned using a
shadow mask or the like.

Light emitted from the organic thin film 60213 (the organic
compound layer) is transmitted through either the pixel elec-
trode 60208 or the counter electrode 60214.

In FIG. 47B, the case where light is emitted to the pixel
electrode side, that is, a side on which the transistor and the
like are formed is referred to as bottom emission; and the case
where light is emitted to the counter electrode side is referred
to as top emission.

In the case of bottom emission, it is preferable that the pixel
electrode 60208 be formed of a light-transmitting conductive
film. On the other hand, in the case of top emission, it is
preferable that the counter electrode 60214 be formed of a
light-transmitting conductive film.

In a light-emitting device for color display, EL. elements
having respective light emission colors of RGB may be sepa-
rately formed, or an EL. element with a single color may be
formed over an entire surface and light emission of RGB can
be obtained by using a color filter.

Note that the structures shown in FIGS. 47A and 47B are
examples, and various structures can be employed for a pixel
layout, a cross-sectional structure, a stacking order of elec-
trodes of an EL element, and the like, other than the structures
shown in FIGS. 47A and 47B. Further, as a light-emitting
element, various elements such as a crystalline element such
as an LED, and an element formed of an inorganic thin film
can be used as well as the element formed of the organic thin
film shown in the drawing.

FIG. 48A shows an example of a top plan view (a layout
diagram) of a pixel including four transistors. FIG. 48B
shows an example of a cross-sectional view along X-X' in
FIG. 48A.

FIG. 48A shows a substrate 60300, a first wiring 60301, a
second wiring 60302, a third wiring 60303, a fourth wiring
60304, a first transistor 60305, a second transistor 60306, a
third transistor 60307, a fourth transistor 60308, a pixel elec-
trode 60309, a fifth wiring 60311, a sixth wiring 60312, a
partition wall 60321, an organic conductive film 60322, an
organic thin film 60323, and a counter electrode 60324. Note
that it is preferable that the first wiring 60301 be used as a
source signal line, the second wiring 60302 as a gate signal
line for writing, the third wiring 60303 as a gate signal line for
erasing, the fourth wiring 60304 as a signal line for reverse
bias, the first transistor 60305 as a switching transistor, the
second transistor 60306 as an erasing transistor, the third
transistor 60307 as a driving transistor, the fourth transistor
60308 as a transistor for reverse bias, the fifth wiring 60311 as
a current supply line, and the sixth wiring 60312 as a power
supply line for reverse bias.

A gate electrode of the first transistor 60305 is electrically
connected to the second wiring 60302. One of a source elec-
trode and a drain electrode of the first transistor 60305 is
electrically connected to the first wiring 60301. The other of
the source electrode and the drain electrode of the first tran-
sistor 60305 is electrically connected to a gate electrode of the
third transistor 60307. Note that the gate electrode of the first
transistor 60305 includes a plurality of gate electrodes.
Accordingly, leakage current in the off state of the first tran-
sistor 60305 can be reduced.

A gate electrode of the second transistor 60306 is clectri-
cally connected to the third wiring 60303. One of a source
electrode and a drain electrode of the second transistor 60306
is electrically connected to the fifth wiring 60311. The other
of the source electrode and the drain electrode of the second
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transistor 60306 is electrically connected to the gate electrode
of the third transistor 60307. Note that the gate electrode of
the second transistor 60306 includes a plurality of gate elec-
trodes. Accordingly, leakage current in the off state of the
second transistor 60306 can be reduced.

One of a source electrode and a drain electrode of the third
transistor 60307 is electrically connected to the fifth wiring
60311, and the other of the source electrode and the drain
electrode of the third transistor 60307 is electrically con-
nected to the pixel electrode 60309. Accordingly, current
flowing to the pixel electrode 60309 can be controlled by the
third transistor 60307.

A gate electrode of the fourth transistor 60308 is electri-
cally connected to the fourth wiring 60304. One of a source
electrode and a drain electrode of the fourth transistor 60308
is electrically connected to the sixth wiring 60312. The other
of the source electrode and the drain electrode of the fourth
transistor 60308 is electrically connected to the pixel elec-
trode 60309. Accordingly, a potential of the pixel electrode
60309 can be controlled by the fourth transistor 60308, so that
reverse bias can be applied to the organic conductive film
60322 and the organic thin film 60323. When reverse bias is
applied to a light-emitting element including the organic con-
ductive film 60322, the organic thin film 60323, and the like,
reliability of the light-emitting element can be significantly
improved.

The organic conductive film 60322 is provided over the
pixel electrode 60309, and the organic thin film 60323 (an
organic compound layer) is provided thereover. The counter
electrode 60324 is provided over the organic thin film 60213
(the organic compound layer). Note that the counter electrode
60324 may be formed over the entire surface to be connected
to all the pixels in common, or may be patterned using a
shadow mask or the like.

Light emitted from the organic thin film 60323 (the organic
compound layer) is transmitted through either the pixel elec-
trode 60309 or the counter electrode 60324.

In FIG. 48B, the case where light is emitted to the pixel
electrode side, that is, a side on which the transistor and the
like are formed is referred to as bottom emission; and the case
where light is emitted to the counter electrode side is referred
to as top emission.

Inthe case of bottom emission, it is preferable that the pixel
electrode 60309 be formed of a light-transmitting conductive
film. On the other hand, in the case of top emission, it is
preferable that the counter electrode 60324 be formed of a
light-transmitting conductive film.

In a light-emitting device for color display, EL elements
having respective light emission colors of RGB may be sepa-
rately formed, or an EL. element with a single color may be
formed over an entire surface and light emission of RGB can
be obtained by using a color filter.

Note that the structures shown in FIGS. 48A and 48B are
examples, and various structures can be employed for a pixel
layout, a cross-sectional structure, a stacking order of elec-
trodes of an EL element, and the like, other than the structures
shown in FIGS. 48A and 48B. Further, as a light-emitting
element, various elements such as a crystalline element such
as an LED, and an element formed of an inorganic thin film
can be used as well as the element formed of the organic thin
film shown in the drawing.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
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drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 11]

In this embodiment mode, a structure and an operation of a
pixel in a display device are described.

FIGS. 49A and 49B are timing charts showing an example
of digital time gray scale driving. The timing chart of FIG.
49A shows a driving method in the case where a signal writ-
ing period (an address period) to a pixel and a light-emitting
period (a sustain period) are separated.

One frame period refers to a period for fully displaying an
image for one display region. One frame period includes a
plurality of subframe periods, and one subframe period
includes an address period and a sustain period. Address
periods Tal to Ta4 indicate time for writing signals to pixels
in all rows, and periods Tb1 to Th4 indicate time for writing
signals to pixels in one row (or one pixel). Sustain periods Ts1
to Ts4 indicate time for maintaining a lighting state or a
non-lighting state in accordance with a video signal written to
the pixel, and a ratio of the length of the sustain periods is set
to satisfy Ts1:Ts2:Ts3:Ts4=2%:2%:21:2°=8:4:2:1. A gray scale
is expressed depending on in which sustain period light emis-
sion is performed.

An operation is described. First, in the address period Tal,
pixel selection signals are sequentially input to scan lines
from a first row, and a pixel is selected. Then, while the pixel
is selected, a video signal is input to the pixel from a signal
line. Then, when the video signal is written to the pixel, the
pixel maintains the signal until a signal is input again. Light-
ing and non-lighting of each pixel in the sustain period Ts1 are
controlled by the written video signal. Similarly, in the
address periods Ta2, Tal, and Tad, a video signal is input to
pixels, and lighting and non-lighting of each pixel in the
sustain periods Ts2, Ts3, and Ts4 are controlled by the video
signal. Then, in each subframe period, a pixel to which a
signal for not lighting in the address period and for lighting
when the sustain period starts after the address period ends is
written is lit.

Here, the i-th pixel row is described with reference to FIG.
49B. First, in the address period Tal, pixel selection signals
are input to scan lines from a first row, and in a period Tb1 (i)
in the address period Tal, a pixel in the i-th row is selected.
Then, while the pixel in the i-th row is selected, a video signal
is input to the pixel in the i-th row from a signal line. Then,
when the video signal is written to the pixel in the i-th row, the
pixel in the i-th row maintains the signal until a signal is input
again. Lighting and non-lighting of the pixel in the i-th row in
the sustain period Tsl are controlled by the written video
signal. Similarly, in the address periods Ta2, Ta3, and Ta4, a
video signal is input to the pixel in the i-th row, and lighting
and non-lighting of the pixel in the i-th row in the sustain
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periods Ts2, Ts3, and Ts4 are controlled by the video signal.
Then, in each subframe period, a pixel to which a signal for
not lighting in the address period and for lighting when the
sustain period starts after the address period ends is written is
lit.

Here, the case where a 4-bit gray scale is expressed is
described here; however, the number of bits and the number
of gray scales are not limited thereto. Note that lighting is not
needed to be performed in order of Ts1, Ts2, Ts3, and Ts4,
and the order may be random or light may be emitted by
dividing the whole period into a plurality of periods. A ratio of
lighting time of Ts1, Ts2, Ts3, and Ts4 is not needed to be a
power of two, and may be the same length or slightly different
from a power of two.

Next, a driving method in the case where a period for
writing a signal to a pixel (an address period) and a light-
emitting period (a sustain period) are not separated is
described. That is, a pixel in a row in which a writing opera-
tion of a video signal is completed maintains the signal until
another signal is written to the pixel (or the signal is erased).
A period between the writing operation and writing of
another signal to the pixel is referred to as data holding time.
In the data holding time, the pixel is lit or not lit in accordance
with the video signal written to the pixel. The same operations
are performed until the last row, and the address period ends.
Then, an operation proceeds to a signal writing operation of
the next subframe period sequentially from a row in which the
data holding time ends.

As described above, in the case of a driving method in
which a pixel is immediately lit or not lit in accordance with
a video signal written to the pixel when the signal writing
operation is completed and the data holding time starts, sig-
nals cannot be input to two rows at the same time. Accord-
ingly, address periods need to be prevented from overlapping,
so that the data holding time cannot be made shorter. As a
result, it is difficult to perform high-level gray scale display.

Thus, the data holding time is set to be shorter than the
address period by provision of an erasing period. A driving
method in the case where the data holding time shorter than
the address period is set by provision of an erasing period is
described with reference to FIG. 50A.

First, in the address period Tal, pixel scan signals are input
to scan lines from a first row, and a pixel is selected. Then,
while the pixel is selected, a video signal is input to the pixel
from a signal line. Then, when the video signal is written to
the pixel, the pixel maintains the signal until a signal is input
again. Lighting and non-lighting of the pixel in the sustain
period Ts1 are controlled by the written video signal. In a row
in which a writing operation of a video signal is completed, a
pixel is immediately lit or not lit in accordance with the
written video signal. The same operations are performed until
the last row, and the address period Tal ends. Then, an opera-
tion proceeds to a signal writing operation of the next sub-
frame period sequentially from a row in which the data hold-
ing time ends. Similarly, in the address periods Ta2, Ta3, and
Tad, a video signal is input to the pixel, and lighting and
non-lighting of the pixel in the sustain periods Ts2, Ts3, and
Ts4 are controlled by the video signal. The end of the sustain
period Ts4 is set by the start of an erasing operation. This is
because when a signal written to a pixel is erased in an erasing
time Te of each row, the pixel is forced to be not lit regardless
of the video signal written to the pixel in the address period
until another signal is written to the pixel. That is, the data
holding time ends from a pixel in which the erasing time Te
starts.

Here, the i-th pixel row is described with reference to FIG.
50B. In the address period Tal, pixel scan signals are input to
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scan lines from a first row, and a pixel is selected. Then, in the
period Tb1 (i), while the pixel in the i-th row is selected, a
video signal is input to the pixel in the i-th row. Then, when
the video signal is written to the pixel in the i-th row, the pixel
in the i-th row maintains the signal until a signal is input
again. Lighting and non-lighting of the pixel in the i-th row in
a sustain period Ts1 (i) are controlled by the written video
signal. That is, the pixel in the i-th row is immediately lit or
not lit in accordance with the video signal written to the pixel
after the writing operation of the video signal to the i-th row
is completed. Similarly, in the address periods Ta2, Ta3, and
Tad, a video signal is input to the pixel in the i-th row, and
lighting and non-lighting of the pixel in the i-th row in the
sustain periods Ts2, Ts3, and Ts4 are controlled by the video
signal. The end of a sustain period Ts4 (i) is set by the start of
an erasing operation. This is because the pixel is forced to be
not lit regardless of the video signal written to the pixel in the
i-th row in an erasing time Te(i) in the i-th row. That is, the
data holding time of the pixel in the i-th row ends when the
erasing time Te(i) starts.

Thus, a display device with a high-level gray scale and a
high duty ratio (a ratio of a lighting period in one frame
period) can be provided, in which data holding time is shorter
than an address period without separating the address period
and a sustain period. Since instantaneous luminance can be
lowered, reliability of a display element can be improved.

Here, the case where a 4-bit gray scale is expressed is
described here; however, the number of bits and the number
of gray scales are not limited thereto. Note that lighting is not
needed to be performed in order of Ts1 , Ts2, Ts3, and Ts4,
and the order may be random or light may be emitted by
dividing the whole period into a plurality of periods. A ratio of
lighting time of Ts1, Ts2, Ts3, and Ts4 is not needed to be a
power of two, and may be the same length or slightly different
from a power of two.

Next, a structure and an operation of a pixel to which digital
time gray scale driving can be applied are described.

FIG. 51 shows an example of a pixel structure to which
digital time gray scale driving can be applied.

A pixel 80300 includes a switching transistor 80301, a
driving transistor 80302, a light-emitting element 80304, and
a capacitor 80303. A gate of the switching transistor 80301 is
connected to a scan line 80306, a first electrode (one of a
source electrode and a drain electrode) of the switching tran-
sistor 80301 is connected to a signal line 80305, and a second
electrode (the other of the source electrode and the drain
electrode) of the switching transistor 80301 is connected to a
gate of the driving transistor 80302. The gate of the driving
transistor 80302 is connected to a power supply line 80307
through the capacitor 80303, a first electrode of the driving
transistor 80302 is connected to the power supply line 80307,
and a second electrode of the driving transistor 80302 is
connected to a first electrode (a pixel electrode) of the light-
emitting element 80304. A second electrode of the light-
emitting element 80304 corresponds to a common electrode
80308.

Note that the second electrode (the common electrode
80308) of the light-emitting element 80304 is set to have a
low power supply potential. A low power supply potential
refers to a potential satistying (the low power supply poten-
tial)<(a high power supply potential) based on the high power
supply potential set to the power supply line 80307. As the
low power supply potential, GND, 0V, or the like may be set,
for example. In order to make the light-emitting element
80304 emit light by applying a potential difference between
the high power supply potential and the low power supply
potential to the light-emitting element 80304 so that current is
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supplied to the light-emitting element 80304, each of the
potentials is set so that the potential difference between the
high power supply potential and the low power supply poten-
tial is equal to or higher than forward threshold voltage.

Note that gate capacitance of the driving transistor 80302
may be used as a substitute for the capacitor 80303, so that the
capacitor 80303 can be omitted. The gate capacitance of the
driving transistor 80302 may be formed in a region where a
source region, a drain region, an LDD region, or the like
overlaps with the gate electrode. Alternatively, capacitance
may be formed between a channel formation region and the
gate electrode.

When a pixel is selected by the scan line 80306, that is,
when the switching transistor 80301 is turned on, a video
signal is input to the pixel from the signal line 80305. Then, a
charge for voltage corresponding to the video signal is stored
in the capacitor 80303, and the capacitor 80303 maintains the
voltage. The voltage is voltage between the gate and the first
electrode of the driving transistor 80302 and corresponds to
gate-source voltage Vgs of the driving transistor §0302.

In general, an operation region of a transistor can be
divided into a linear region and a saturation region. When
drain-source voltage is denoted by Vds, gate-source voltage is
denoted by Vgs, and threshold voltage is denoted by Vth, a
boundary between the linear region and the saturation region
sets so as to satisfy (Vgs—Vth)=Vds. In the case where (Vgs—
Vth)>Vds is satisfied, the transistor operates in a linear
region, and a current value is determined in accordance with
the level of Vds and Vigs. On the other hand, in the case where
(Vgs-Vth)<Vds is satisfied, the transistor operates in a satu-
ration region and ideally, a current value hardly changes even
when Vds changes. That is, the current value is determined
only by the level of Vgs.

Here, in the case of a voltage-input voltage driving method,
a video signal is input to the gate of the driving transistor
80302 so that the driving transistor 80302 is in either of two
states of being sufficiently turned on and turned off. That is,
the driving transistor 80302 operates in a linear region.

Thus, when a video signal which makes the driving tran-
sistor 80302 turned on is input, a power supply potential VDD
set to the power supply line 80307 without change is ideally
set to the first electrode of the light-emitting element 80304.

That is, ideally, constant voltage is applied to the light-
emitting element 80304 to obtain constant luminance from
the light-emitting element 80304. Then, a plurality of sub-
frame periods are provided in one frame period. A video
signal is written to a pixel in each subframe period, lighting
and non-lighting of the pixel are controlled in each subframe
period, and a gray scale is expressed by the sum of lighting
subframe periods.

Note that when the video signal by which the driving
transistor 80302 operates in a saturation region is input, cur-
rent can be supplied to the light-emitting element 80304.
When the light-emitting element 80304 is an element lumi-
nance of which is determined in accordance with current,
luminance decay due to deterioration of the light-emitting
element 80304 can be suppressed. Further, when the video
signal is an analog signal, current in accordance with the
video signal can be supplied to the light-emitting element
80304. In this case, analog gray scale driving can be per-
formed.

FIG. 52 shows another example of a pixel structure to
which digital time gray scale driving can be applied.

A pixel 80400 includes a switching transistor 80401, a
driving transistor 80402, a capacitor 80403, a light-emitting
element 80404, and a rectifying element 80409. A gate of the
switching transistor 80401 is connected to a first scan line
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80406, a first electrode (one of a source electrode and a drain
electrode) of the switching transistor 80401 is connected to a
signal line 80405, and a second electrode (the other of the
source electrode and the drain electrode) of the switching
transistor 80401 is connected to a gate of the driving transistor
80402. The gate of the driving transistor 80402 is connected
to a power supply line 80407 through the capacitor 80403,
and is also connected to a second scan line 80410 through the
rectifying element 80409. A first electrode of the driving
transistor 80402 is connected to the power supply line 80407,
and a second electrode of the driving transistor 80402 is
connected to a first electrode (a pixel electrode) of the light-
emitting element 80404. A second electrode of the light-
emitting element 80404 corresponds to a common electrode
80408.

The second electrode (the common electrode 80408) of the
light-emitting element 80404 is set to have a low power
supply potential. Note that a low power supply potential
refers to a potential satistying (the low power supply poten-
tial)<(a high power supply potential) based on the high power
supply potential set to the power supply line 80407. As the
low power supply potential, GND, 0V, or the like may be set,
for example. In order to make the light-emitting element
80404 emit light by applying a potential difference between
the high power supply potential and the low power supply
potential to the light-emitting element 80404 so that current is
supplied to the light-emitting element 80404, each of the
potentials is set so that the potential difference between the
high power supply potential and the low power supply poten-
tial is equal to or higher than forward threshold voltage.

Note that gate capacitance of the driving transistor 80402
may be used as a substitute for the capacitor 80403, so that the
capacitor 80403 can be omitted. The gate capacitance of the
driving transistor 80402 may be formed in a region where a
source region, a drain region, an L.DD region, or the like
overlaps with the gate electrode. Alternatively, capacitance
may be formed between a channel formation region and the
gate electrode.

As the rectifying element 80409, a diode-connected tran-
sistor can be used. A PN junction diode, a PIN junction diode,
a Schottky diode, a diode formed of a carbon nanotube, or the
like may be used other than a diode-connected transistor. A
diode-connected transistor may be an n-channel transistor or
a p-channel transistor.

The pixel 80400 is such that the rectifying element 80409
and the second scan line 80410 are added to the pixel shown
in FIG. 51. Accordingly, the switching transistor 80401, the
driving transistor 80402, the capacitor 80403, the light-emit-
ting element 80404, the signal line 80405, the first scan line
80406, the power supply line 80407, and the common elec-
trode 80408 shown in FIG. 52 correspond to the switching
transistor 80301, the driving transistor 80302, the capacitor
80303, the light-emitting element 80304, the signal line
80305, the scan line 80306, the power supply line 80307, and
the common electrode 80308 shown in FI1G. 51. Accordingly,
a writing operation and a light-emitting operation in FIG. 52
are similar to those described in FIG. 51, so that description
thereof is omitted.

An erasing operation is described. In the erasing operation,
an H-level signal is input to the second scan line §0410. Thus,
current is supplied to the rectitying element 80409, and a gate
potential of the driving transistor 80402 held by the capacitor
80403 can be set to a certain potential. That is, the potential of
the gate of the driving transistor 80402 is set to a certain value,
and the driving transistor 80402 can be forced to be turned off
regardless of a video signal written to the pixel.
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Note that an L-level signal input to the second scan line
80410 has a potential such that current is not supplied to the
rectifying element 80409 when a video signal for non-light-
ing is written to a pixel. An H-level signal input to the second
scan line 80410 has a potential such that a potential to turn off
the driving transistor 80302 can be set to the gate regardless of
a video signal written to a pixel.

FIG. 53 shows another example of a pixel structure to
which digital time gray scale driving can be applied.

A pixel 80500 includes a switching transistor 80501, a
driving transistor 80502, a capacitor 80503, a light-emitting
element 80504, and an erasing transistor 80509. A gate ofthe
switching transistor 80501 is connected to a first scan line
80506, a first electrode (one of a source electrode and a drain
electrode) of the switching transistor 80501 is connected to a
signal line 80505, and a second electrode (the other of the
source electrode and the drain electrode) of the switching
transistor 80501 is connected to a gate of the driving transistor
80502. The gate of the driving transistor 80502 is connected
to a power supply line 80507 through the capacitor 80503,
and is also connected to a first electrode of the erasing tran-
sistor 80509. A first electrode of the driving transistor 80502
is connected to the power supply line 80507, and a second
electrode of the driving transistor 80502 is connected to a first
electrode (a pixel electrode) of the light-emitting element
80504. A gate of the erasing transistor 80509 is connected to
a second scan line 80510, and a second electrode of the
erasing transistor 80509 is connected to the power supply line
80507. A second electrode of the light-emitting element
80504 corresponds to a common electrode 80508.

The second electrode (the common electrode 80508) of the
light-emitting element 80504 is set to have a low power
supply potential. Note that a low power supply potential
refers to a potential satistying (the low power supply poten-
tial)<(a high power supply potential) based on the high power
supply potential set to the power supply line 80507. As the
low power supply potential, GND, 0V, or the like may be set,
for example. In order to make the light-emitting element
80504 emit light by applying a potential difference between
the high power supply potential and the low power supply
potential to the light-emitting element 80504 so that current is
supplied to the light-emitting element 80504, each of the
potentials is set so that the potential difference between the
high power supply potential and the low power supply poten-
tial is equal to or higher than forward threshold voltage.

Note that gate capacitance of the driving transistor 80502
may be used as a substitute for the capacitor 80503, so that the
capacitor 80503 can be omitted. The gate capacitance of the
driving transistor 80502 may be formed in a region where a
source region, a drain region, an LDD region, or the like
overlaps with the gate electrode. Alternatively, capacitance
may be formed between a channel formation region and the
gate electrode.

The pixel 80500 is such that the erasing transistor 80509
and the second scan line 80510 are added to the pixel shown
in FIG. 51. Accordingly, the switching transistor 80501, the
driving transistor 80502, the capacitor 80503, the light-emit-
ting element 80504, the signal line 80505, the first scan line
80506, the power supply line 80507, and the common elec-
trode 80508 shown in FIG. 53 correspond to the switching
transistor 80301, the driving transistor 80302, the capacitor
80303, the light-emitting element 80304, the signal line
80305, the scan line 80306, the power supply line 80307, and
the common electrode 80308 shown in FIG. 51. Accordingly,
a writing operation and a light-emitting operation in FIG. 53
are similar to those described in FIG. 51, so that description
thereof is omitted.
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An erasing operation is described. In the erasing operation,
an H-level signal is input to the second scan line §0510. Thus,
the erasing transistor 80509 is turned on, and the gate and the
first electrode of the driving transistor 80502 can be made to
have the same potential. That is, Vigs of the driving transistor
80502 can be 0 V. Accordingly, the driving transistor 80502
can be forced to be turned off.

Next, a structure and an operation of a pixel called a thresh-
old voltage compensation pixel are described. A threshold
voltage compensation pixel can be applied to digital time gray
scale driving and analog gray scale driving.

FIG. 54 shows an example of a structure of a pixel called a
threshold voltage compensation pixel.

The pixel shown in FIG. 54 includes a driving transistor
80600, a first switch 80601, a second switch 80602, a third
switch 80603, a first capacitor 80604, a second capacitor
80605, and a light-emitting element 80620. A gate of the
driving transistor 80600 is connected to a signal line 80611
through the first capacitor 80604 and the first switch 80601 in
this order. Further, the gate of the driving transistor 80600 is
connected to a power supply line 80612 through the second
capacitor 80605. A first electrode of the driving transistor
80600 is connected to the power supply line 80612. A second
electrode of the driving transistor 80600 is connected to a first
electrode of the light-emitting element 80620 through the
third switch 80603. Further, the second electrode of the driv-
ing transistor 80600 is connected to the gate of the driving
transistor 80600 through the second switch 80602. A second
electrode of the light-emitting element 80620 corresponds to
a common electrode 80621.

The second electrode of the light-emitting element 80620
is set to a low power supply potential. Note that a low power
supply potential refers to a potential satisfying (the low power
supply potential)<(a high power supply potential) based on
the high power supply potential set to the power supply line
80612. As the low power supply potential, GND, 0V, or the
like may be set, for example. In order to make the light-
emitting element 80620 emit light by applying a potential
difference between the high power supply potential and the
low power supply potential to the light-emitting element
80620 so that current is supplied to the light-emitting element
80620, each of the potentials is set so that the potential dif-
ference between the high power supply potential and the low
power supply potential is equal to or higher than forward
threshold voltage. Note that gate capacitance of the driving
transistor 80600 may be used as a substitute for the second
capacitor 80605, so that the second capacitor 80605 can be
omitted. The gate capacitance of the driving transistor 80600
may be formed in a region where a source region, a drain
region, an L.DD region, or the like overlaps with the gate
electrode. Alternatively, capacitance may be formed between
a channel formation region and the gate electrode. Note that
on/off of the first switch 80601, the second switch 80602, and
the third switch 80603 is controlled by a first scan line 80613,
a second scan line 80615, and a third scan line 80614, respec-
tively.

A method for driving the pixel shown in FIG. 54 is
described in which an operation period is divided into an
initialization period, a data writing period, a threshold detect-
ing period, and a light-emitting period.

In the initialization period, the second switch 80602 and
the third switch 80603 are turned on. Then, a potential of the
gate of the driving transistor 80600 is lower than at least a
potential of the power supply line 80612. At this time, the first
switch 80601 may be in an on state or an off state. Note that
the initialization period is not necessarily required.
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In the threshold detecting period, a pixel is selected by the
first scan line 80613. That is, the first switch 80601 is turned
on, and constant voltage is input from the signal line 80611.
At this time, the second switch 80602 is turned on and the
third switch 80603 is turned off. Accordingly, the driving
transistor 80600 is diode-connected, and the second electrode
and the gate of the driving transistor 80600 are placed in a
floating state. Then, a potential of the gate of the driving
transistor 80600 is a value obtained by subtracting threshold
voltage of the driving transistor 80600 from the potential of
the power supply line 80612. Thus, the threshold voltage of
the driving transistor 80600 is held in the first capacitor
80604. A potential difference between the potential of the
gate of the driving transistor 80600 and the constant voltage
input from the signal line 80611 is held in the second capaci-
tor 80605.

In the data writing period, a video signal (voltage) is input
from the signal line 80611. At this time, the first switch 80601
is kept on, the second switch 80602 is turned off, and the third
switch 80603 is kept off. Since the gate of the driving tran-
sistor 80600 is in a floating state, the potential of the gate of
the driving transistor 80600 changes depending on a potential
difference between the constant voltage input from the signal
line 80611 in the threshold detecting period and the video
signal input from the signal line 80611 in the data writing
period. For example, when (a capacitance value of the first
capacitor 80604)<<(a capacitance value of the second capaci-
tor 80605) is satisfied, the potential of the gate of the driving
transistor 80600 in the data writing period is approximately
equal to the sum of a potential difference (the amount of
change) between the potential of the signal line 80611 in the
threshold detecting period and the potential of the signal line
80611 in the data writing period; and a value obtained by
subtracting the threshold voltage of the driving transistor
80600 from the potential of the power supply line 80612. That
is, the potential of the gate of the driving transistor 80600
becomes a potential obtained by correcting the threshold
voltage of the driving transistor 80600.

In the light-emitting period, current in accordance with a
potential difference (Vgs) between the gate of the driving
transistor 80600 and the power supply line 80612 is supplied
to the light-emitting element 80620. At this time, the first
switch 80601 is turned off, the second switch 80602 is kept
off, and the third switch 80603 is turned on. Note that current
flowing to the light-emitting element 80620 is constant
regardless of the threshold voltage of the driving transistor
80600.

Note that a pixel structure of the present invention is not
limited to that shown in FIG. 54. For example, a switch, a
resistor, a capacitor, a transistor, a logic circuit, or the like
may be added to the pixel shown in FI1G. 54. For example, the
second switch 80602 may include a p-channel transistor or an
n-channel transistor, the third switch 80603 may include a
transistor with polarity different from that of the second
switch 80602, and the second switch 80602 and the third
switch 80603 may be controlled by the same scan line.

A structure and an operation of a pixel d a current input
pixel are described. A current input pixel can be applied to
digital gray scale driving and analog gray scale driving.

FIG. 55 shows an example of a structure of a current input
pixel.

The pixel shown in FIG. 55 includes a driving transistor
80700, a first switch 80701, a second switch 80702, a third
switch 80703, a capacitor 80704, and a light-emitting element
80730. A gate of the driving transistor 80700 is connected to
a signal line 80711 through the second switch 80702 and the
first switch 80701 in this order. Further, the gate of the driving
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transistor 80700 is connected to a power supply line 80712
through the capacitor 80704. A first electrode of the driving
transistor 80700 is connected to the power supply line 80712.
A second electrode of the driving transistor 80700 is con-
nected to the signal line 80711 through the first switch 80701.
Further, the second electrode of the driving transistor 80700 is
connected to a first electrode of the light-emitting element
80730 through the third switch 80703. A second electrode of
the light-emitting element 80730 corresponds to a common
electrode 80731.

The second electrode of the light-emitting element 80730
is set to a low power supply potential. Note that a low power
supply potential refers to a potential satisfying (the low power
supply potential)<(a high power supply potential) based on
the high power supply potential set to the power supply line
80712. As the low power supply potential, GND, 0V, or the
like may be set, for example. In order to make the light-
emitting element 80730 emit light by applying a potential
difference between the high power supply potential and the
low power supply potential to the light-emitting element
80730 so that current is supplied to the light-emitting element
80730, each of the potentials is set so that the potential dif-
ference between the high power supply potential and the low
power supply potential is equal to or higher than forward
threshold voltage. Note that gate capacitance of the driving
transistor 80700 may be used as a substitute for the capacitor
80704, so that the capacitor 80704 can be omitted. The gate
capacitance of the driving transistor 80700 may be formed in
aregion where a source region, a drain region, an LDD region,
or the like overlaps with the gate electrode. Alternatively,
capacitance may be formed between a channel formation
region and the gate electrode. Note that on/off of the first
switch 80701, the second switch 80702, and the third switch
80703 is controlled by a first scan line 80713, a second scan
line 80714, and a third scan line 80715, respectively.

A method for driving the pixel shown in FIG. 55 is
described in which an operation period is divided into a data
writing period and a light-emitting period.

In the data writing period, a pixel is selected by the first
scan line 80713. That is, the first switch 80701 is turned on,
and current is input as a video signal from the signal line
80711. At this time, the second switch 80702 is turned on and
the third switch 80703 is turned off. Accordingly, a potential
of'the gate of the driving transistor 80700 becomes a potential
in accordance with the video signal. That is, voltage between
the gate electrode and the source electrode of the driving
transistor 80700, which is such that the driving transistor
80700 supplies the same current as the video signal, is held in
the capacitor 80704.

Next, in the light-emitting period, the first switch 80701
and the second switch 80702 are turned off, and the third
switch 80703 is turned on. Thus, current with the same value
as the video signal is supplied to the light-emitting element
80730.

Note that the present invention is not limited to the pixel
structure shown in FIG. 55. For example, a switch, a resistor,
a capacitor, a transistor, a logic circuit, or the like may be
added to the pixel shown in FIG. 55. For example, the first
switch 80701 may include a p-channel transistor or an
n-channel transistor, the second switch 80702 may include a
transistor with the same polarity as that of the first switch
80701, and the first switch 80701 and the second switch
80702 may be controlled by the same scan line. The second
switch 80702 may be provided between the gate of the driving
transistor 80700 and the signal line 80711.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
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contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially modifying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 12]

In this embodiment mode, a structure and a manufacturing
method of a transistor are described.

FIGS. 56 A to 56G show examples of structures and manu-
facturing methods of transistors included in a display device
to which the present invention can be applied. FIG. 56A
shows structure examples of transistors included in the dis-
play device to which the present invention can be applied.
FIGS. 56B to 56G show examples of manufacturing methods
of' the transistors included in the display device to which the
present invention can be applied.

Note that the structure and the manufacturing method of
the transistors included in the display device to which the
present invention can be applied are not limited to those
shown in FIGS. 56 A to 56G, and various structures and manu-
facturing methods can be employed.

First, structure examples of transistors included in the dis-
play device to which the present invention can be applied are
described with reference to FIG. 56A. FIG. 56A is a cross-
sectional view of a plurality of transistors each having a
different structure. Here, in FIG. 56A, the plurality of tran-
sistors each having a different structure are juxtaposed, which
is for describing structures of the transistors. Accordingly, the
transistors are not needed to be actually juxtaposed as shown
in FIG. 56A and can be separately formed as needed.

Next, characteristics of each layer forming the transistor
included in the display device to which the present invention
can be applied are described.

A substrate 110111 can be a glass substrate using barium
borosilicate glass, aluminoborosilicate glass, or the like, a
quartz substrate, a ceramic substrate, a metal substrate con-
taining stainless steel, or the like. Further, a substrate formed
of plastics typified by polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyethersulfone (PES),
or a substrate formed of a flexible synthetic resin such as
acrylic can also be used. By using a flexible substrate, a
display device capable of being bent can be formed. A flexible
substrate has no strict limitations on the area or the shape of
the substrate. Accordingly, for example, when a substrate
having a rectangular shape, each side of which is 1 meter or
more, is used as the substrate 110111, productivity can be
significantly improved. Such an advantage is highly favorable
as compared with the case where a circular silicon substrate is
used.

An insulating film 110112 functions as a base film and is
provided to prevent alkali metal such as Na or alkaline earth
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metal from the substrate 110111 from adversely affecting
characteristics of a semiconductor element. The insulating
film 110112 can have a single-layer structure or a stacked-
layer structure of an insulating film containing oxygen or
nitrogen, such as silicon oxide (Si0,), silicon nitride (SiN,),
silicon oxynitride (SiO,N,) (x>y), or silicon nitride oxide
(SiN,O,) (x>y). For example, when the insulating film
110112 is provided to have a two-layer structure, it is prefer-
able that a silicon nitride oxide film be used as a first insulat-
ing film and a silicon oxynitride film be used as a second
insulating film. Further, when the insulating film 110112 is
provided to have a three-layer structure, it is preferable that a
silicon oxynitride film be used as a first insulating film, a
silicon nitride oxide film be used as a second insulating film,
and a silicon oxynitride film be used as a third insulating film.

Semiconductor layers 110113, 110114, and 110115 can be
formed using an amorphous semiconductor or a semi-amor-
phous semiconductor (SAS). Alternatively, a polycrystalline
semiconductor layer may be used. SAS is a semiconductor
having an intermediate structure between amorphous and
crystalline (including single crystal and polycrystalline)
structures and having a third state which is stable in free
energy. Moreover, SAS includes a crystalline region with a
short-range order and lattice distortion. A crystalline region
01'0.5 to 20 nm can be observed atleast in part of a film. When
silicon is contained as a main component, Raman spectrum
shifts to a wave number side lower than 520 cm™". The dif-
fraction peaks of (111) and (220) which are thought to be
contributed to a silicon crystalline lattice are observed by
X-ray diffraction. SAS contains hydrogen or halogen of at
least 1 atomic percent or more to compensate dangling bonds.
SAS is formed by glow discharge decomposition (plasma
CVD) of a material gas. As the material gas, Si,H,, SiH,Cl,,
SiHCl,, SiCl,, SiF,, or the like as well as SiH, can be used.
Alternatively, GeF, may be mixed. The material gas may be
diluted with H,, or H, and one or more kinds of rare gas
elements selected from He, Ar, Kr, and Ne. A dilution ratio is
in the range of 2 to 1000 times. Pressure is in the range of
approximately 0.1 to 133 Pa, and a power supply frequency is
1 to 120 MHz, preferably 13 to 60 MHz. A substrate heating
temperature may be 300° C. or lower. A concentration of
impurities in atmospheric components such as oxygen, nitro-
gen, and carbon is preferably 1x10%° cm™ or less as impurity
elements in the film. In particular, an oxygen concentration is
5x10*/cm? or less, preferably 1x10'°/cm? or less. Here, an
amorphous semiconductor layer is formed using a material
containing silicon (Si) as its main component (e.g., Si,Ge, )
by a known method (such as a sputtering method, an LPCVD
method, or a plasma CVD method). Then, the amorphous
semiconductor layer is crystallized by a known crystalliza-
tion method such as a laser crystallization method, a thermal
crystallization method using RTA or an annealing furnace, or
athermal crystallization method using a metal element which
promotes crystallization.

Aninsulating film 110116 can have a single-layer structure
or a stacked-layer structure of an insulating film containing
oxygen or nitrogen, such as silicon oxide (SiO,), silicon
nitride (SiN,), silicon oxynitride (SiO,N,) (x>y), or silicon
nitride oxide (SiN,O,) (x>y).

A gate electrode 110117 can have a single-layer structure
of a conductive film or a stacked-layer structure of two or
three conductive films. As a material for the gate electrode
110117, a known conductive film can be used. For example,
a single film of an element such as tantalum (Ta), titanium
(Ti), molybdenum (Mo), tungsten (W), chromium (Cr), or
silicon (Si); a nitride film containing the aforementioned ele-
ment (typically, a tantalum nitride film, a tungsten nitride
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film, or a titanium nitride film); an alloy film in which the
aforementioned elements are combined (typically, a Mo—W
alloy or a Mo—Ta alloy); a silicide film containing the afore-
mentioned element (typically, a tungsten silicide film or a
titanium silicide film); and the like can be used. Note that the
aforementioned single film, nitride film, alloy film, silicide
film, and the like can have a single-layer structure or a
stacked-layer structure.

An insulating film 110118 can have a single-layer structure
or a stacked-layer structure of an insulating film containing
oxygen or nitrogen, such as silicon oxide (SiO,), silicon
nitride (SiN,), silicon oxynitride (SiO,N,) (x>y), or silicon
nitride oxide (SiN,0,) (x>y); or a film containing carbon,
such as a DLC (diamond-like carbon), by a known method
(such as a sputtering method or a plasma CVD method).

An insulating film 110119 can have a single-layer structure
or a stacked-layer structure of a siloxane resin; an insulating
film containing oxygen or nitrogen, such as silicon oxide
(8i0,), silicon nitride (SiN,), silicon oxynitride (SiO,N,)
(x>y), or silicon nitride oxide (SiN,0,) (x>y); a film contain-
ing carbon, such as a DLC (diamond-like carbon); or an
organic material such as epoxy, polyimide, polyamide, poly-
vinyl phenol, benzocyclobutene, or acrylic. Note that a silox-
ane resin corresponds to a resin having Si—O—Si bonds.
Siloxane includes a skeleton structure ofa bond of silicon (Si)
and oxygen (O). As a substituent, an organic group containing
at least hydrogen (such as an alkyl group or aromatic hydro-
carbon) is used. Alternatively, a fluoro group, or a fluoro
group and an organic group containing at least hydrogen can
be used as a substituent. Note that in a display device appli-
cable to the present invention, the insulating film 110119 can
be directly provided so as to cover the gate electrode 110117
without provision of the insulating film 110118.

As a conductive film 110123, a single film of an element
such as Al, Ni, C, W, Mo, Ti, Pt, Cu, Ta, Au, or Mn, a nitride
film containing the aforementioned element, an alloy film in
which the aforementioned elements are combined, a silicide
film containing the aforementioned element, or the like can be
used. For example, as an alloy containing a plurality of the
aforementioned elements, an Al alloy containing C and Ti, an
Al alloy containing Ni, an Al alloy containing C and Ni, an Al
alloy containing C and Mn, or the like can be used. Further,
when the conductive film has a stacked-layer structure, Al can
be interposed between Mo, Ti, or the like; thus, resistance of
Al to heat and chemical reaction can be improved.

Next, with reference to the cross-sectional view of the
plurality of transistors each having a different structure
shown in FIG. 56A, characteristics of each structure are
described.

A transistor 110101 is a single drain transistor. Since the
single drain transistor can be formed by a simple method, it is
advantageous in low manufacturing cost and high yield. Here,
the semiconductor layers 110113 and 110115 have different
concentrations of impurities, and the semiconductor layer
110113 is used as a channel formation region and the semi-
conductor layers 110115 are used as a source region and a
drain region. By controlling the concentration of impurities in
this manner, resistivity of the semiconductor layer can be
controlled. Further, an electrical connection state of the semi-
conductor layer and the conductive film 110123 can be closer
to ohmic contact. Note that as a method of separately forming
the semiconductor layers each having different amount of
impurities, a method can be used in which impurities are
doped in a semiconductor layer using the gate electrode
110117 as a mask.

A transistor 110102 is a transistor in which the gate elec-
trode 110117 is tapered at an angle of at least certain degrees.
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Since the transistor can be formed by a simple method, it is
advantageous in low manufacturing cost and high yield. Here,
the semiconductor layers 110113, 110114, and 110115 have
different concentrations of impurities. The semiconductor
layer 110113 is used as a channel formation region, the semi-
conductor layers 110114 as lightly doped drain (LDD)
regions, and the semiconductor layers 110115 as a source
region and a drain region. By controlling the amount of impu-
rities in this manner, resistivity of the semiconductor layer
can be controlled. Further, an electrical connection state of
the semiconductor layer and the conductive film 110123 can
be closer to ohmic contact. Moreover, since the transistor
includes the LDD regions, a high electric field is hardly
applied inside the transistor, so that deterioration of the ele-
ment due to hot carriers can be suppressed. Note that as a
method of separately forming the semiconductor layers hav-
ing different amount of impurities, a method can be used in
which impurities are doped in a semiconductor layer using
the gate electrode 110117 as a mask. In the transistor 110102,
since the gate electrode 110117 is tapered at an angle of at
least certain degrees, gradient of the concentration of impu-
rities doped in the semiconductor layer through the gate elec-
trode 110117 can be provided, and the L.DD region can be
easily formed.

A transistor 110103 is a transistor in which the gate elec-
trode 110117 is formed of at least two layers and a lower gate
electrode is longer than an upper gate electrode. In this speci-
fication, a shape of the lower and upper gate electrodes is
called a hat shape. When the gate electrode 110117 has a hat
shape, an LDD region can be formed without addition of a
photomask. Note that a structure where the LDD region over-
laps with the gate electrode 110117, like the transistor
110103, is particularly called a GOLD (gate overlapped
LDD) structure. As a method of forming the gate electrode
110117 with a hat shape, the following method may be used.

First, when the gate electrode 110117 is patterned, the
lower and upper gate electrodes are etched by dry etching so
that side surfaces thereof are inclined (tapered). Then, the
inclination of the upper gate electrode is processed to be
almost perpendicular by anisotropic etching. Thus, the gate
electrode a cross section of which is a hat shape is formed.
After that, impurity elements are doped twice, so that the
semiconductor layer 110113 used as the channel formation
region, the semiconductor layers 110114 used as the LDD
regions, and the semiconductor layers 110115 used as a
source electrode and a drain electrode are formed.

Note thathere, part of the LDD region, which overlaps with
the gate electrode 110117, is referred to as an Lov region, and
part of the LDD region, which does not overlap with the gate
electrode 110117, is referred to as an Loff region. The Loff
region is highly effective in suppressing an off-current value,
whereas it is not very effective in preventing deterioration in
an on-current value due to hot carriers by relieving an electric
field in the vicinity of the drain. On the other hand, the Lov
region is effective in preventing deterioration in the on-cur-
rent value by relieving the electric field in the vicinity of the
drain, whereas it is not very effective in suppressing the
off-current value. Thus, it is preferable to form a transistor
having a structure appropriate for characteristics of each of
the various circuits. For example, a transistor having an Loff
region is preferably used as a pixel transistor in order to
suppress the off-current value. On the other hand, as a tran-
sistor in a peripheral circuit, a transistor having an Lov region
is preferably used in order to prevent deterioration in the
on-current value by relieving the electric field in the vicinity
of the drain.
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A transistor 110104 is a transistor including a sidewall
110121 in contact with the side surface of the gate electrode
110117. When the transistor includes the sidewall 110121, a
region overlapping with the sidewall 110121 can be made to
be an LDD region.

A transistor 110105 is a transistor in which an LDD (Loff)
region is formed by performing doping of the semiconductor
layer with the use of a mask. Thus, the LDD region can surely
be formed, and an off-current value of the transistor can be
reduced.

A transistor 110106 is a transistor in which an LDD (Lov)
region is formed by performing doping of the semiconductor
layer with the use of a mask. Thus, the LDD region can surely
be formed, and deterioration in an on-current value can be
prevented by relieving the electric field in the vicinity of the
drain of the transistor.

Next, an example of a method for manufacturing a transis-
tor included in the display device to which the present inven-
tion can be applied is described with reference to FIGS. 56B
t0 56G.

Note that a structure and a manufacturing method of a
transistor included in the display device to which the present
invention can be applied are not limited to those in FIGS. 56 A
to 56G, and various structures and manufacturing methods
can be used.

In this embodiment mode, a surface of the substrate
110111, a surface of the insulating film 110112, a surface of
the semiconductor layer 110113, a surface of the semicon-
ductor layer 110114, a surface of the semiconductor layer
110115, a surface of the insulating film 110116, a surface of
the insulating film 110118, or a surface of the insulating film
110119 is oxidized or nitrided by using plasma treatment, so
that the semiconductor layer or the insulating film can be
oxidized or nitrided. By oxidizing or nitriding the semicon-
ductor layer or the insulating film by plasma treatment in such
a manner, the surface of the semiconductor layer or the insu-
lating film is modified, and the insulating film can be formed
to be denser than an insulating film formed by a CVD method
ora sputtering method. Thus, a defect such as a pinhole can be
suppressed, and characteristics and the like of the display
device can be improved.

First, the surface of the substrate 110111 is washed using
hydrofluoric acid (HF), alkaline, or pure water. The substrate
110111 can be a glass substrate using barium borosilicate
glass, aluminoborosilicate glass, or the like, a quartz sub-
strate, a ceramic substrate, a metal substrate containing stain-
less steel, or the like. Further, a substrate formed of plastics
typified by polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), or polyethersulfone (PES), or a substrate
formed of a flexible synthetic resin such as acrylic can also be
used. Here, the case where a glass substrate is used as the
substrate 110111 is shown.

Here, an oxide film or a nitride film may be formed on the
surface of the substrate 110111 by oxidizing or nitriding the
surface of the substrate 110111 by plasma treatment (FIG.
56B). Hereinafter, an insulating film such as an oxide film or
a nitride film formed by performing plasma treatment on the
surface is also referred to as a plasma-treated insulating film.
In FIG. 56B, an insulating film 110131 is a plasma-treated
insulating film. In general, when a semiconductor element
such as a thin film transistor is provided over a substrate
formed of glass, plastic, or the like, an impurity element such
as alkali metal (e.g., Na) or alkaline earth metal included in
glass, plastic, or the like might be mixed into the semicon-
ductor element so that the semiconductor element is contami-
nated; thus, characteristics of the semiconductor element may
be adversely affected in some cases. Nitridation of a surface
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of'the substrate formed of glass, plastic, or the like can prevent
an impurity element such as alkali metal (e.g., Na) or alkaline
earth metal included in the substrate from being mixed into
the semiconductor element.

When the surface is oxidized by plasma treatment, the
plasma treatment is performed in an oxygen atmosphere (e.g.,
in an atmosphere of oxygen (O,) and a rare gas (containing at
least one of He, Ne, Ar, Kr, and Xe), in an atmosphere of
oxygen, hydrogen (H,), and a rare gas, or in an atmosphere of
dinitrogen monoxide and a rare gas). On the other hand, when
the surface is nitrided by plasma treatment, the plasma treat-
ment is performed in a nitrogen atmosphere (e.g., in an atmo-
sphere of nitrogen (N,) and a rare gas (containing at least one
of He, Ne, Ar, Kr, and Xe), in an atmosphere of nitrogen,
hydrogen, and a rare gas, or in an atmosphere of NH; and a
rare gas). As a rare gas, Ar can be used, for example. Alter-
natively, a gas in which Ar and Kr are mixed may be used.
Accordingly, the plasma-treated insulating film contains a
rare gas (containing at least one of He, Ne, Ar, Kr, and Xe)
used for the plasma treatment. For example, the plasma-
treated insulating film contains Ar when Ar is used.

In addition, it is preferable to perform plasma treatment in
the atmosphere containing the aforementioned gas, with con-
ditions of an electron density in the range of 1x10'* to 1x10*>
cm™> and a plasma electron temperature in the range of 0.5 to
1.5 eV. Since the plasma electron density is high and the
electron temperature in the vicinity of an object to be treated
is low, damage by plasma to the object to be treated can be
prevented. Further, since the plasma electron density is as
high as 1x10** ¢cm™ or more, an oxide film or a nitride film
formed by oxidizing or nitriding the object to be treated by
plasma treatment is superior in its uniformity of thickness and
the like as well as being dense, as compared with a film
formed by a CVD method, a sputtering method, or the like.
Alternatively, since the plasma electron temperature is as low
as 1 eV or less, oxidation or nitridation can be performed at a
lower temperature as compared with a conventional plasma
treatment or thermal oxidation. For example, oxidation or
nitridation can be performed sufficiently even when plasma
treatment is performed at a temperature lower than a strain
point of a glass substrate by 100 degrees or more. Note that as
frequency for generating plasma, high frequency waves such
as microwaves (2.45 GHz) can be used. Note that hereinafter,
plasma treatment is performed using the aforementioned con-
ditions unless otherwise specified.

Note that although FIG. 56B shows the case where the
plasma-treated insulating film is formed by plasma treatment
onthe surface of the substrate 110111, this embodiment mode
includes the case where a plasma-treated insulating film is not
formed on the surface of the substrate 110111.

Note that although a plasma-treated insulating film formed
by plasma treatment on the surface of the object to be treated
is not shown in FIGS. 56C to 56G, this embodiment mode
includes the case where a plasma-treated insulating film
formed by plasma treatment exists on the surface of the sub-
strate 110111, the insulating film 110112, the semiconductor
layer 110113, the semiconductor layer 110114, the semicon-
ductor layer 110115, the insulating film 110116, the insulat-
ing film 110118, or the insulating film 110119.

Next, the insulating film 110112 is formed over the sub-
strate 110111 by a known method (such as a sputtering
method, an LPCVD method, or a plasma CVD method) (FIG.
56C). For the insulating film 110112, silicon oxide (SiO, ) or
silicon oxynitride (SiO,N,) (x>y) can be used.

Here, a plasma-treated insulating film may be formed on
the surface of the insulating film 110112 by oxidizing or
nitriding the surface of the insulating film 110112 by plasma
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treatment. By oxidizing the surface of the insulating film
110112, the surface of the insulating film 110112 is modified,
and a dense film with fewer defects such as a pinhole can be
obtained. Further, by oxidizing the surface of the insulating
film 110112, the plasma-treated insulating film containing a
little amount of N atoms can be formed; thus, interface char-
acteristics of the plasma-treated insulating film and a semi-
conductor layer are improved when the semiconductor layer
is provided over the plasma-treated insulating film. The
plasma-treated insulating film contains a rare gas (containing
at least one of He, Ne, Ar, Kr, and Xe) used for the plasma
treatment. Note that the plasma treatment can be similarly
performed under the aforementioned conditions.

Next, the island-shaped semiconductor layers 110113 and
110114 are formed over the insulating film 110112 (FIG.
56D). The island-shaped semiconductor layers 110113 and
110114 can be formed in such a manner that an amorphous
semiconductor layer is formed over the insulating film
110112 by using a material containing silicon (Si) as its main
component (e.g., Si,Ge,_,) or the like by a known method
(such as a sputtering method, an LPCVD method, or a plasma
CVD method), the amorphous semiconductor layer is crys-
tallized, and the semiconductor layer is selectively etched.
Note that crystallization of the amorphous semiconductor
layer can be performed by a known crystallization method
such as a laser crystallization method, a thermal crystalliza-
tion method using RTA or an annealing furnace, a thermal
crystallization method using a metal element which promotes
crystallization, or a method in which these methods are com-
bined. Here, end portions of the island-shaped semiconductor
layers are provided with an angle of about 90° (6=85 to 100°).
Alternatively, the semiconductor layer 110114 to be a low
concentration drain region may be formed by doping impu-
rities with the use of a mask.

Here, a plasma-treated insulating film may be formed on
the surfaces of the semiconductor layers 110113 and 110114
by oxidizing or nitriding the surfaces of the semiconductor
layers 110113 and 110114 by plasma treatment. For example,
when Si is used for the semiconductor layers 110113 and
110114, silicon oxide (SiO,) or silicon nitride (SiN,) is
formed as the plasma-treated insulating film. Alternatively,
after being oxidized by plasma treatment, the semiconductor
layers 110113 and 110114 may be nitrided by performing
plasma treatment again. In this case, silicon oxide (SiO,) is
formed in contact with the semiconductor layers 110113 and
110114, andssilicon nitride oxide (SiN,O,) (x>y) is formed on
the surface of the silicon oxide. Note that when the semicon-
ductor layer is oxidized by plasma treatment, the plasma
treatment is performed in an oxygen atmosphere (e.g., in an
atmosphere of oxygen (O,) and a rare gas (containing at least
one of He, Ne, Ar, Kr, and Xe), in an atmosphere of oxygen,
hydrogen (H,), and a rare gas, or in an atmosphere of dini-
trogen monoxide and a rare gas). On the other hand, when the
semiconductor layer is nitrided by plasma treatment, the
plasma treatment is performed in a nitrogen atmosphere (e.g.,
in an atmosphere of nitrogen (N, ) and a rare gas (containing
at least one of He, Ne, Ar, Kr, and Xe), in an atmosphere of
nitrogen, hydrogen, and a rare gas, or in an atmosphere of
NH; and a rare gas). As a rare gas, Ar can be used, for
example. Alternatively, a gas in which Ar and Kr are mixed
may be used. Accordingly, the plasma-treated insulating film
contains a rare gas (containing at least one of He, Ne, Ar, Kr,
and Xe) used for the plasma treatment. For example, the
plasma-treated insulating film contains Ar when Ar is used.

Next, the insulating film 110116 is formed (FIG. 56E). The
insulating film 110116 can have a single-layer structure or a
stacked-layer structure of an insulating film containing oxy-
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gen or nitrogen, such as silicon oxide (SiO,), silicon nitride
(SiN), silicon oxynitride (SiO,N,) (x>y), or silicon nitride
oxide (SiN,0,) (x>y), by a known method (such as a sputter-
ing method, an LPCVD method, or a plasma CVD method).
Note that when the plasma-treated insulating film is formed
on the surfaces of the semiconductor layers 110113 and
110114 by performing plasma treatment on the surfaces of the
semiconductor layers 110113 and 110114, the plasma-treated
insulating film can be used as the insulating film 110116.

Here, the surface of the insulating film 110116 may be
oxidized or nitrided by plasma treatment, so that a plasma-
treated insulating film is formed on the surface of the insulat-
ing film 110116. Note that the plasma-treated insulating film
contains a rare gas (containing at least one of He, Ne, Ar, Kr,
and Xe) used for the plasma treatment. The plasma treatment
can be similarly performed under the aforementioned condi-
tions.

Alternatively, after the insulating film 110116 is oxidized
by performing plasma treatment once in an oxygen atmo-
sphere, the insulating film 110116 may be nitrided by per-
forming plasma treatment again in a nitrogen atmosphere. By
oxidizing or nitriding the surface of the insulating film
110116 by plasma treatment in such a manner, the surface of
the insulating film 110116 is modified, and a dense film can
be formed. An insulating film obtained by plasma treatment is
denser and has fewer defects such as a pinhole, as compared
with an insulating film formed by a CVD method, a sputtering
method, or the like. Thus, characteristics of a thin film tran-
sistor can be improved.

Next, the gate electrode 110117 is formed (FIG. 56F). The
gate electrode 110117 can be formed by a known method
(such as a sputtering method, an LPCVD method, or a plasma
CVD method).

In the transistor 110101, the semiconductor layers 110115
used as the source region and the drain region can be formed
by doping impurities after the gate electrode 110117 is
formed.

In the transistor 110102, the semiconductor layers 110114
used as the LDD regions and the semiconductor layers
110115 used as the source region and the drain region can be
formed by doping impurities after the gate electrode 110117
is formed.

In the transistor 110103, the semiconductor layers 110114
used as the LDD regions and the semiconductor layers
110115 used as the source region and the drain region can be
formed by doping impurities after the gate electrode 110117
is formed.

In the transistor 110104, the semiconductor layers 110114
used as the LDD regions and the semiconductor layers
110115 used as the source region and the drain region can be
formed by doping impurities after the sidewall 110121 is
formed on the side surface of the gate electrode 110117.

Note that silicon oxide (Si0,) or silicon nitride (SiN, ) can
be used for the sidewall 110121. As a method of forming the
sidewall 110121 on the side surface of the gate electrode
110117, amethod can be used, for example, in which a silicon
oxide (Si0,) film or a silicon nitride (SiN,) film is formed by
a known method after the gate electrode 110117 is formed,
and then, the silicon oxide (Si0O,) film or the silicon nitride
(SiN,) film is etched by anisotropic etching. Thus, the silicon
oxide (Si0O,) film or the silicon nitride (SiN,) film remains
only on the side surface of the gate electrode 110117, so that
the sidewall 110121 can be formed on the side surface of the
gate electrode 110117.

In the transistor 110105, the semiconductor layers 110114
used as the LDD (Loft) regions and the semiconductor layer
110115 used as the source region and the drain region can be
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formed by doping impurities after amask 110122 is formed to
cover the gate electrode 110117.

In the transistor 110106, the semiconductor layers 110114
used as the LDD (Lov) regions and the semiconductor layers
110115 used as the source region and the drain region can be
formed by doping impurities after the gate electrode 110117
is formed.

Next, the insulating film 110118 is formed (FIG. 56G). The
insulating film 110118 can have a single-layer structure or a
stacked-layer structure of an insulating film containing oxy-
gen or nitrogen, such as silicon oxide (SiO,), silicon nitride
(SiN,), silicon oxynitride (SiO,N,) (x>y), or silicon nitride
oxide (SiN,0,) (x>y); or a film containing carbon, such as a
DLC (diamond-like carbon), by a known method (such as a
sputtering method or a plasma CVD method).

Here, the surface of the insulating film 110118 may be
oxidized or nitrided by plasma treatment, so that a plasma-
treated insulating film is formed on the surface of the insulat-
ing film 110118. Note that the plasma-treated insulating film
contains a rare gas (containing at least one of He, Ne, Ar, Kr,
and Xe) used for the plasma treatment. The plasma treatment
can be similarly performed under the aforementioned condi-
tions.

Next, the insulating film 110119 is formed. The insulating
film 110119 can have a single-layer structure or a stacked-
layer structure of an organic material such as epoxy, polyim-
ide, polyamide, polyvinyl phenol, benzocyclobutene, or
acrylic; or a siloxane resin, in addition to an insulating film
containing oXygen or nitrogen, such as silicon oxide (SiO,),
silicon nitride (SiN,), silicon oxynitride (SiO,N,) (x>y), or
silicon nitride oxide (SiN,0,) (x>y); or a film containing
carbon, such as a DLC (diamond-like carbon), by known
method (such as a sputtering method or a plasma CVD
method). Note that a siloxane resin corresponds to a resin
having Si—O—Si bonds. Siloxane includes a skeleton struc-
ture of abond of silicon (Si) and oxygen (O). As a substituent,
an organic group containing at least hydrogen (such as an
alkyl group or aromatic hydrocarbon) is used. Alternatively, a
fluoro group, or a fluoro group and an organic group contain-
ing at least hydrogen can be used as a substituent. In addition,
the plasma-treated insulating film contains a rare gas (con-
taining at least one of He, Ne, Ar, Kr, and Xe) used for the
plasma treatment. For example, the plasma-treated insulating
film contains Ar when Ar is used.

When an organic material such as polyimide, polyamide,
polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane
resin is used for the insulating film 110119, the surface of the
insulating film 110119 can be modified by oxidizing or nitrid-
ing the surface of the insulating film by plasma treatment.
Modification of the surface improves strength of the insulat-
ing film 110119, and physical damage such as a crack gener-
ated when an opening is formed, for example, or film reduc-
tion in etching can be reduced. Further, when the conductive
film 110123 is formed over the insulating film 110119, modi-
fication of the surface of the insulating film 110119 improves
adhesion to the conductive film. For example, when a silox-
ane resin is used for the insulating film 110119 and nitrided by
plasma treatment, a plasma-treated insulating film containing
nitrogen or a rare gas is formed by nitriding a surface of the
siloxane resin, and physical strength is improved.

Next, a contact hole is formed in the insulating films
110119, 110118, and 110116 in order to form the conductive
film 110123 which is electrically connected to the semicon-
ductor layer 110115. Note that the contact hole may have a
tapered shape. Thus, coverage with the conductive film
110123 can be improved.
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FIG. 60 shows cross-sectional structures of a bottom-gate
transistor and a capacitor.

A first insulating film (an insulating film 110502) is formed
over an entire surface of a substrate 110501. The first insu-
lating film can prevent impurities from the substrate from
adversely affecting a semiconductor layer and changing
properties of a transistor. That is, the first insulating film
functions as abase film. Thus, a transistor with high reliability
can be formed. As the first insulating film, a single layer or a
stacked layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

A first conductive layer (conductive layers 110503 and
110504) is formed over the first insulating film. The conduc-
tive layer 110503 includes a portion functioning as a gate
electrode of atransistor 110520. The conductive layer 110504
includes a portion functioning as a first electrode of a capaci-
tor 110521. As the first conductive layer, an element such as
Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy ofthese elements can be used. Alternatively,
a stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 110522) is
formed to cover at least the first conductive layer. The second
insulating film functions as a gate insulating film. As the
second insulating film, a single layer or a stacked layer of a
silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

Note that for a portion of the second insulating film, which
is in contact with the semiconductor layer, a silicon oxide film
is preferably used. This is because the trap level at the inter-
face between the semiconductor layer and the second insu-
lating film is lowered.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used for a portion of the
second insulating film in contact with Mo. This is because the
silicon oxide film does not oxidize Mo.

A semiconductor layer is formed in part of a portion over
the second insulating film, which overlaps with the first con-
ductive layer, by a photolithography method, an inkjet
method, a printing method, or the like. Part of the semicon-
ductor layer extends to a portion over the second insulating
film, which does not overlap with the first conductive layer.
The semiconductor layer includes a channel formation region
(a channel formation region 110510), an LDD region (LDD
regions 110508 and 110509), and an impurity region (impu-
rity regions 110505, 110506, and 110507). The channel for-
mation region 110510 functions as a channel formation
region of the transistor 110520. The L.DD regions 110508 and
110509 function as L.DD regions of the transistor 110520.
Note that the LDD regions 110508 and 110509 are not nec-
essarily formed. The impurity region 110505 includes a por-
tion functioning as one of a source electrode and a drain
electrode of the transistor 110520. The impurity region
110506 includes a portion functioning as the other of the
source electrode and the drain electrode of the transistor
110520. The impurity region 110507 includes a portion func-
tioning as a second electrode of the capacitor 110521.

A third insulating film (an insulating film 110511) is
entirely formed. A contact hole is selectively formed in part of
the third insulating film. The insulating film 110511 functions
as an interlayer film. As the third insulating film, an inorganic
material (e.g., silicon oxide, silicon nitride, or silicon oxyni-
tride), an organic compound material having a low dielectric
constant (e.g., a photosensitive or nonphotosensitive organic
resin material), or the like can be used. Alternatively, a mate-
rial containing siloxane may be used. Note that siloxane is a
material in which a skeleton structure is formed by a bond of
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silicon (Si) and oxygen (O). As a substitute, an organic group
containing at least hydrogen (such as an alkyl group or aro-
matic hydrocarbon) is used. Alternatively, a fluoro group, or a
fluoro group and an organic group containing at least hydro-
gen may be used as a substituent.

A second conductive layer (conductive layers 110512 and
110513) is formed over the third insulating film. The conduc-
tive layer 110512 is connected to the other of the source
electrode and the drain electrode of the transistor 110520
through the contact hole formed in the third insulating film.
Thus, the conductive layer 110512 includes a portion func-
tioning as the other of the source electrode and the drain
electrode of the transistor 110520. The conductive layer
110513 includes a portion functioning as the first electrode of
the capacitor 110521. As the second conductive layer, an
element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb,
Si, Zn, Fe, Ba, or Ge, or an alloy of these elements can be
used. Alternatively, a stacked layer of these elements (includ-
ing the alloy thereof) can be used.

Note that in steps after forming the second conductive
layer, various insulating films or various conductive films
may be formed.

Next, structures of a transistor and a capacitor are
described in the case where an amorphous silicon (a-Si:H)
film is used as a semiconductor layer of the transistor.

FIG. 57 shows cross-sectional structures of a top-gate tran-
sistor and a capacitor.

A first insulating film (an insulating film 110202) is formed
over an entire surface of a substrate 110201. The first insu-
lating film can prevent impurities from the substrate from
adversely affecting a semiconductor layer and changing
properties of a transistor. That is, the first insulating film
functions as a base film. Thus, a transistor with high reliability
can be formed. As the first insulating film, a single layer or a
stacked layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

Note that the first insulating film is not necessarily formed.
When the first insulating film is not formed, reduction in the
number of steps and reduction in manufacturing cost can be
realized. Further, since the structure can be simplified, the
yield can be improved.

A first conductive layer (conductive layers 110203,
110204, and 110205) is formed over the first insulating film.
The conductive layer 110203 includes a portion functioning
as one of a source electrode and a drain electrode of a tran-
sistor 110220. The conductive layer 110204 includes a por-
tion functioning as the other of the source electrode and the
drain electrode ofthe transistor 110220. The conductive layer
110205 includes a portion functioning as a first electrode of a
capacitor 110221. As the first conductive layer, an element
such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn,
Fe, Ba, or Ge, or an alloy of these elements can be used.
Alternatively, a stacked layer ofthese elements (including the
alloy thereof) can be used.

A first semiconductor layer (semiconductor layers 110206
and 110207) is formed above the conductive layers 110203
and 110204. The semiconductor layer 110206 includes a
portion functioning as one of the source electrode and the
drain electrode. The semiconductor layer 110207 includes a
portion functioning as the other of the source electrode and
the drain electrode. As the first semiconductor layer, silicon
containing phosphorus or the like can be used, for example.

A second semiconductor layer (a semiconductor layer
110208) is formed over the first insulating film and between
the conductive layer 110203 and the conductive layer
110204. Part of the semiconductor layer 110208 extends over
the conductive layers 110203 and 110204. The semiconduc-
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tor layer 110208 includes a portion functioning as a channel
formation region of the transistor 110220. As the second
semiconductor layer, a semiconductor layer having no crys-
tallinity such as an amorphous silicon (a-Si:H) layer, a semi-
conductor layer such as a microcrystalline semiconductor
(u-Si:H) layer, or the like can be used.

A second insulating film (insulating films 110209 and
110210) is formed to cover at least the semiconductor layer
110208 and the conductive layer 110205. The second insu-
lating film functions as a gate insulating film. As the second
insulating film, a single layer or a stacked layer of a silicon
oxide film, a silicon nitride film, a silicon oxynitride film
(SiO,N,), or the like can be used.

Note that for a portion of the second insulating film, which
is in contact with the second semiconductor layer, a silicon
oxide film is preferably used. This is because the trap level at
the interface between the second semiconductor layer and the
second insulating film is lowered.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used for a portion of the
second insulating film in contact with Mo. This is because the
silicon oxide film does not oxidize Mo.

A second conductive layer (conductive layers 110211 and
110212) is formed over the second insulating film. The con-
ductive layer 110211 includes a portion functioning as a gate
electrode of the transistor 110220. The conductive layer
110212 functions as a second electrode of the capacitor
110221 or a wiring. As the second conductive layer, an ele-
ment such as Ti, Mo, Ta, Cr, W, Al,Nd, Cu, Ag, Au, Pt, Nb, Si,
Zn, Fe, Ba, or Ge, or an alloy of these elements can be used.
Alternatively, a stacked layer of these elements (including the
alloy thereof) can be used.

Note that in steps after forming the second conductive
layer, various insulating films or various conductive films
may be formed.

FIG. 58 shows cross-sectional structures of an inversely
staggered (bottom gate) transistor and a capacitor. In particu-
lar, the transistor shown in FIG. 58 has a channel-etched
structure.

A first insulating film (an insulating film 110302) is formed
over an entire surface of a substrate 110301. The first insu-
lating film can prevent impurities from the substrate from
adversely affecting a semiconductor layer and changing
properties of a transistor. That is, the first insulating film
functions as abase film. Thus, a transistor with high reliability
can be formed. As the first insulating film, a single layer or a
stacked layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

Note that the first insulating film is not necessarily formed.
When the first insulating film is not formed, reduction in the
number of steps and reduction in manufacturing cost can be
realized. Further, since the structure can be simplified, the
yield can be improved.

A first conductive layer (conductive layers 110303 and
110304) is formed over the first insulating film. The conduc-
tive layer 110303 includes a portion functioning as a gate
electrode of atransistor 110320. The conductive layer 110304
includes a portion functioning as a first electrode of a capaci-
tor 110321. As the first conductive layer, an element such as
Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy ofthese elements can be used. Alternatively,
a stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 110305) is
formed to cover at least the first conductive layer. The second
insulating film functions as a gate insulating film. As the
second insulating film, a single layer or a stacked layer of a
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silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

Note that for a portion of the second insulating film, which
is in contact with the semiconductor layer, a silicon oxide film
is preferably used. This is because the trap level at the inter-
face between the semiconductor layer and the second insu-
lating film is lowered.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used for a portion of the
second insulating film in contact with Mo. This is because the
silicon oxide film does not oxidize Mo.

A first semiconductor layer (a semiconductor layer
110306) is formed in part of a portion over the second insu-
lating film, which overlaps with the first conductive layer, by
a photolithography method, an inkjet method, a printing
method, or the like. Part of the semiconductor layer 110306
extends to a portion over the second insulating film, which
does not overlap with the first conductive layer. The semicon-
ductor layer 110306 includes a portion functioning as a chan-
nel formation region of the transistor 110320. As the semi-
conductor layer 110306, a semiconductor layer having no
crystallinity such as an amorphous silicon (a-Si:H) layer, a
semiconductor layer such as a microcrystalline semiconduc-
tor (u-Si:H) layer, or the like can be used.

A second semiconductor layer (semiconductor layers
110307 and 110308) is formed over part of the first semicon-
ductor layer. The semiconductor layer 110307 includes a
portion functioning as one of a source electrode and a drain
electrode. The semiconductor layer 110308 includes a por-
tion functioning as the other of the source electrode and the
drain electrode. As the second semiconductor layer, silicon
containing phosphorus or the like can be used, for example.

A second conductive layer (conductive layers 110309,
110310, and 110311) is formed over the second semiconduc-
tor layer and the second insulating film. The conductive layer
110309 includes a portion functioning as one of the source
electrode and the drain electrode of the transistor 110320. The
conductive layer 110310 includes a portion functioning as the
other of the source electrode and the drain electrode of the
transistor 110320. The conductive layer 110311 includes a
portion functioning as a second electrode of the capacitor
110321. As the second conductive layer, an element such as
Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy ofthese elements can be used. Alternatively,
a stacked layer of these elements (including the alloy thereof)
can be used.

Note that in steps after forming the second conductive
layer, various insulating films or various conductive films
may be formed.

Here, an example of a step which is characteristic of the
channel-etched type transistor is described. The first semi-
conductor layer and the second semiconductor layer can be
formed using the same mask. Specifically, the first semicon-
ductor layer and the second semiconductor layer are continu-
ously formed. Further, the first semiconductor layer and the
second semiconductor layer are formed using the same mask.

Another example of a step which is characteristic of the
channel-etched type transistor is described. The channel for-
mation region of the transistor can be formed without using an
additional mask. Specifically, after the second conductive
layer is formed, part of the second semiconductor layer is
removed using the second conductive layer as a mask. Alter-
natively, part of the second semiconductor layer is removed
by using the same mask as the second conductive layer. The
first semiconductor layer below the removed second semi-
conductor layer serves as the channel formation region of the
transistor.
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FIG. 59 shows cross-sectional structures of an inversely
staggered (bottom gate) transistor and a capacitor. In particu-
lar, the transistor shown in FIG. 59 has a channel protection
(channel stop) structure.

A first insulating film (an insulating film 110402) is formed
over an entire surface of a substrate 110401. The first insu-
lating film can prevent impurities from the substrate from
adversely affecting a semiconductor layer and changing
properties of a transistor. That is, the first insulating film
functions as abase film. Thus, a transistor with high reliability
can be formed. As the first insulating film, a single layer or a
stacked layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

Note that the first insulating film is not necessarily formed.
When the first insulating film is not formed, reduction in the
number of steps and reduction in manufacturing cost can be
realized. Further, since the structure can be simplified, the
yield can be improved.

A first conductive layer (conductive layers 110403 and
110404) is formed over the first insulating film. The conduc-
tive layer 110403 includes a portion functioning as a gate
electrode of atransistor 110420. The conductive layer 110404
includes a portion functioning as a first electrode of a capaci-
tor 110421. As the first conductive layer, an element such as
Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy of these elements can be used. Alternately,
a stacked layer of these elements (including the alloy thereof)
can be used.

A second insulating film (an insulating film 110405) is
formed to cover at least the first conductive layer. The second
insulating film functions as a gate insulating film. As the
second insulating film, a single layer or a stacked layer of a
silicon oxide film, a silicon nitride film, a silicon oxynitride
film (SiO,N,), or the like can be used.

Note that for a portion of the second insulating film, which
is in contact with the semiconductor layer, a silicon oxide film
is preferably used. This is because the trap level at the inter-
face between the semiconductor layer and the second insu-
lating film is lowered.

When the second insulating film is in contact with Mo, a
silicon oxide film is preferably used for a portion of the
second insulating film in contact with Mo. This is because the
silicon oxide film does not oxidize Mo.

A first semiconductor layer (a semiconductor layer
110406) is formed in part of a portion over the second insu-
lating film, which overlaps with the first conductive layer, by
a photolithography method, an inkjet method, a printing
method, or the like. Part of the semiconductor layer 110406
extends to a portion over the second insulating film, which
does not overlap with the first conductive layer. The semicon-
ductor layer 110406 includes a portion functioning as a chan-
nel formation region of the transistor 110420. As the semi-
conductor layer 110406, a semiconductor layer having no
crystallinity such as an amorphous silicon (a-Si:H) layer, a
semiconductor layer such as a microcrystalline semiconduc-
tor (u-Si:H) layer, or the like can be used.

A third insulating film (an insulating film 110412) is
formed over part of the first semiconductor layer. The insu-
lating film 110412 prevents the channel formation region of
the transistor 110420 from being removed by etching. That is,
the insulating film 110412 functions as a channel protection
film (a channel stop film) As the third insulating film, a single
layer or a stacked layer of a silicon oxide film, a silicon nitride
film, a silicon oxynitride film (SiO,N,), or the like can be
used.

A second semiconductor layer (semiconductor layers
110407 and 110408) is formed over part of the first semicon-
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ductor layer and part of the third insulating film. The semi-
conductor layer 110407 includes a portion functioning as one
of a source electrode and a drain electrode. The semiconduc-
tor layer 110408 includes a portion functioning as the other of
the source electrode and the drain electrode. As the second
semiconductor layer, silicon containing phosphorus or the
like can be used, for example.

A second conductive layer (conductive layers 110409,
110410, and 110411) is formed over the second semiconduc-
tor layer. The conductive layer 110409 includes a portion
functioning as one of the source electrode and the drain elec-
trode of the transistor 110420. The conductive layer 110410
includes a portion functioning as the other of the source
electrode and the drain electrode of the transistor 110420. The
conductive layer 110411 includes a portion functioning as a
second electrode of the capacitor 110421. As the second
conductive layer, an element such as Ti, Mo, Ta, Cr, W, Al,
Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, or Ge, or an alloy of
these elements can be used. Alternately, a stacked layer of
these elements (including the alloy thereof) can be used.

Note that in steps after forming the second conductive
layer, various insulating films or various conductive films
may be formed.

Here, an example of a step which is characteristic of the
channel protection type transistor is described. The first semi-
conductor layer, the second semiconductor layer, and the
second conductive layer can be formed using the same mask.
At the same time, the channel formation region can be
formed. Specifically, the first semiconductor layer is formed,
and then, the third insulating film (i.e., the channel protection
film or the channel stop film) is patterned using a mask. Next,
the second semiconductor layer and the second conductive
layer are continuously formed. Then, after the second con-
ductive layer is formed, the first semiconductor layer, the
second semiconductor layer, and the second conductive film
are patterned using the same mask. Note that part of the first
semiconductor layer below the third insulating film is pro-
tected by the third insulating film, and thus is not removed by
etching. This part (a part of the first semiconductor layer over
which the third insulating film is formed) serves as the chan-
nel formation region.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially modifying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
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[Embodiment Mode 13]

In this embodiment mode, a structure of an EL. element is
described. In particular, a structure of an inorganic EL ele-
ment is described.

Aninorganic EL element is classified as either a dispersion
type inorganic EL. element or a thin-film type inorganic ELL
element, depending on its element structure. These elements
differ in that the former includes an electroluminescent layer
in which particles of a light-emitting material are dispersed in
a binder, whereas the latter includes an electroluminescent
layer formed of a thin film of a light-emitting material. How-
ever, the former and the latter have in common in that they
need electrons accelerated by a high electric field. Note that
mechanisms for obtaining light emission are donor-acceptor
recombination light emission which utilizes a donor level and
an acceptor level; and localized light emission which utilizes
inner-shell electron transition of a metal ion. In general,
donor-acceptor recombination light emission is employed in
dispersion type inorganic EL. elements and localized light
emission is employed in thin-film type inorganic EL elements
in many cases.

A light-emitting material includes a base material and an
impurity element to be a luminescence center. Light emission
of various colors can be obtained by changing the impurity
element to be included. The light-emitting material can be
formed using various methods, such as a solid phase method
or a liquid phase method (a coprecipitation method). Further,
a liquid phase method such as a spray pyrolysis method, a
double decomposition method, a method employing precur-
sor pyrolysis, a reverse micelle method, a method in which
one or more of these methods are combined with high-tem-
perature baking, or a freeze-drying method, or the like can be
used.

A solid phase method is a method in which a base material
and an impurity element or a compound containing an impu-
rity element are weighed, mixed in a mortar, and heated and
baked in an electric furnace so as to be reacted; thus, the
impurity element is included in the base material. The baking
temperature is preferably 700 to 1500° C. This is because a
solid-phase reaction does not proceed when the temperature
is too low, and the base material decomposes when the tem-
perature is too high. Note that although the materials may be
baked in powder form, they are preferably baked in pellet
form. Although a solid phase method needs a comparatively
high temperature, it is a simple method, and thus has high
productivity and is suitable for mass production.

A liquid phase method (a coprecipitation method) is a
method in which a base material or a compound containing a
base material, and an impurity element or a compound con-
taining an impurity element are reacted in a solution, dried,
and then baked. Particles of a light-emitting material are
uniformly distributed, and the reaction can progress even
when the particles are small and the baking temperature is
low.

As a base material to be used for a light-emitting material,
sulfide, oxide, or nitride can be used. As sulfide, zinc sulfide
(ZnS), cadmium sulfide (CdS), calcium sulfide (CaS),
yttrium sulfide (Y,S;), gallium sulfide (Ga,S;), strontium
sulfide (SrS), barium sulfide (BaS), or the like can be used, for
example. As oxide, zinc oxide (ZnO), yttrium oxide (Y,0;),
or the like can be used, for example. As nitride, aluminum
nitride (AIN), gallium nitride (GaN), indium nitride (InN), or
the like can be used, for example. Further, zinc selenide
(ZnSe), zinc telluride (ZnTe), or the like; or a ternary mixed
crystal such as calcium gallium sulfide (CaGa,S,), strontium
gallium sulfide (SrGa,S,), or barium gallium sulfide
(BaGa,S,) may be used.
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As a luminescence center for localized light emission,
manganese (Mn), copper (Cu), samarium (Sm), terbium (Tb),
erbium (Er), thulium (Tm), europium (Eu), cerium (Ce),
praseodymium (Pr), or the like can be used. Note that a
halogen element such as fluorine (F) or chlorine (Cl) may be
added for charge compensation.

On the other hand, as a luminescence center for donor-
acceptor recombination light emission, a light-emitting mate-
rial including a first impurity element forming a donor level
and a second impurity element forming an acceptor level can
be used. As the first impurity element, fluorine (F), chlorine
(C1), aluminum (Al), or the like can be used, for example. As
the second impurity element, copper (Cu), silver (Ag), or the
like can be used, for example.

When the light-emitting material for donor-acceptor
recombination light emission is synthesized by a solid phase
method, a base material, the first impurity element or a com-
pound containing the first impurity element, and the second
impurity element or a compound containing the second impu-
rity element are weighed, mixed in a mortar, and heated and
baked in an electric furnace. As the base material, the afore-
mentioned base material can be used. As the first impurity
element or the compound containing the first impurity ele-
ment, fluorine (F), chlorine (Cl), aluminum sulfide (Al,S;), or
the like can be used, for example. As the second impurity
element or the compound containing the second impurity
element, copper (Cu), silver (Ag), copper sulfide (Cu,S),
silver sulfide (Ag,S), or the like can be used, for example. The
baking temperature is preferably 700 to 1500° C. This is
because a solid-phase reaction does not proceed when the
temperature is too low, and the base material decomposes
when the temperature is too high. Note that although the
materials may be baked in powder form, they are preferably
baked in pellet form.

As the impurity element in the case of using a solid phase
reaction, compounds including the first impurity element and
the second impurity element may be used in combination. In
this case, the impurity elements are easily diffused, and the
solid phase reaction proceeds readily, so that a uniform light-
emitting material can be obtained. Further, since an unneces-
sary impurity element is not included, a light-emitting mate-
rial with high purity can be obtained. As the compound
including the first impurity element and the second impurity
element, copper chloride (CuCl), silver chloride (AgCl), or
the like can be used, for example.

Note that the concentration of these impurity elements is in
the range 0f 0.01 to 10 atomic percent, and is preferably in the
range of 0.05 to 5 atomic percent with respect to the base
material.

In the case of a thin-film type inorganic EL element, an
electroluminescent layer includes the aforementioned light-
emitting material, and can be formed using a physical vapor
deposition (PVD) method such as a sputtering method or a
vacuum evaporation method, for example, a resistance heat-
ing evaporation method or an electron beam evaporation (EB
evaporation) method, a chemical vapor deposition (CVD)
method such as a metal organic CVD method or a low-pres-
sure hydride transport CVD method, an atomic layer epitaxy
(ALE) method, or the like.

FIGS. 61 A to 61C each show an example of a thin-film type
inorganic EL, element which can be used as the light-emitting
element. In FIGS. 61A to 61C, a light-emitting element
includes a first electrode layer 120100, an electroluminescent
layer 120102, and a second electrode layer 120103.

The light-emitting elements shown in FIGS. 61B and 61C
each have a structure where an insulating film is provided
between the electrode layer and the electroluminescent layer
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in the light-emitting element in FIG. 61A. The light-emitting
element shown in FIG. 61B includes an insulating film
120104 between the first electrode layer 120100 and the
electroluminescent layer 120102. The light-emitting element
shown in FIG. 61C includes an insulating film 120105
between the first electrode layer 120100 and the electrolumi-
nescent layer 120102, and an insulating film 120106 between
the second electrode layer 120103 and the electroluminescent
layer 120102.

In such a manner, the insulating film may be provided
between the electroluminescent layer and one of the electrode
layers interposing the electroluminescent layer, or may be
provided between the electroluminescent layer and each of
the electrode layers interposing the electroluminescent layer.
The insulating film may be a single layer or stacked layers
including a plurality of layers.

Note that the insulating film 120104 is provided in contact
with the first electrode layer 120100 in FIG. 61B; however,
the insulating film 120104 may be provided in contact with
the second electrode layer 120103 by reversing the order of
the insulating film and the electroluminescent layer.

In the case of a dispersion type inorganic EL, a film-shaped
electroluminescent layer is formed by dispersing particulate
light-emitting materials in a binder. When particles with a
desired size cannot be sufficiently obtained by a method of
forming the light-emitting material, the light-emitting mate-
rials may be processed into particles by being crushed in a
mortar or the like. The binder is a substance for fixing the
particulate light-emitting material in a dispersed state and
maintaining the shape as the electroluminescent layer. The
light-emitting material is uniformly dispersed in the elec-
troluminescent layer and fixed by the binder.

In the case of a dispersion type inorganic EL, as a method
of forming the electroluminescent layer, a droplet discharg-
ing method by which the electroluminescent layer can be
selectively formed, a printing method (such as screen printing
or offset printing), a coating method such as a spin coating
method, a dipping method, a dispenser method, or the like can
be used. The thickness of the electroluminescent layer is not
particularly limited, but preferably in the range of 10 to 1000
nm. In the electroluminescent layer including the light-emit-
ting material and the binder, a ratio of the light-emitting
material is preferably 50 wt % or more and 80 wt % or less.

FIGS. 62A to 62C each show an example of a dispersion
type inorganic EL, element which can be used as the light-
emitting element. A light-emitting element in FIG. 62A has a
stacked-layer structure of a first electrode layer 120200, an
electroluminescent layer 120202, and a second electrode
layer 120203. The electroluminescent layer 120202 includes
a light-emitting material 120201 held by a binder.

An insulating material can be used for the binder. As the
insulating material, an organic material or an inorganic mate-
rial can be used. Alternatively, a mixed material containing an
organic material and an inorganic material may be used. As
the organic insulating material, a polymer having a compara-
tively high dielectric constant, such as a cyanoethyl cellulose
based resin, or a resin such as polyethylene, polypropylene, a
polystyrene based resin, a silicone resin, an epoxy resin, or
vinylidene fluoride can be used. Alternatively, a heat-resistant
polymer such as aromatic polyamide or polybenzimidazole,
or a siloxane resin may be used. Note that a siloxane resin
corresponds to a resin having Si—O—Si bonds. Siloxane
includes a skeleton structure of a bond of silicon (Si) and
oxygen (O). As a substituent, an organic group containing at
least hydrogen (such as an alkyl group or aromatic hydrocar-
bon) is used. Alternatively, a fluoro group, or a fluoro group
and an organic group containing at least hydrogen may be

25

30

35

40

45

50

104

used as a substituent. Further alternately, a resin material, for
example, a vinyl resin such as polyvinyl alcohol or polyvi-
nylbutyral, a phenol resin, a novolac resin, an acrylic resin, a
melamine resin, an urethane resin, or an oxazole resin (poly-
benzoxazole) may be used. A dielectric constant can be
adjusted by appropriately mixing these resins with fine par-
ticles having a high dielectric constant, such as barium titan-
ate (BaTiO;) or strontium titanate (SrTiO;).

The inorganic insulating material included in the binder
can be formed using silicon oxide (Si0O,), silicon nitride
(SiN,), silicon containing oxygen and nitrogen, aluminum
nitride (MN), aluminum containing oxygen and nitrogen,
aluminum oxide (Al,O;) containing oxygen and nitrogen,
titanium oxide (Ti0,), BaTiO,, SrTi0;, lead titanate (Pb-
Ti0O,), potassium niobate (KNbO,), lead niobate (PbNbO;),
tantalum oxide (Ta,O;), barium tantalite (BaTa,Oy), lithium
tantalite (LiTaO,), yttrium oxide (Y,O;), zirconium oxide
(Zr0,), ZnS, or a substance containing another inorganic
insulating material. When an inorganic material having a high
dielectric constant is included in the organic material (by
addition or the like), the dielectric constant of the electrolu-
minescent layer formed of the light-emitting material and the
binder can be more effectively controlled, and the dielectric
constant can be further increased.

In a manufacturing step, the light-emitting material is dis-
persed in a solution containing the binder. As a solvent for the
solution containing the binder, it is acceptable as long as a
solvent dissolves a binder material and can make a solution
having a viscosity suitable for a method of forming the elec-
troluminescent layer (various wet processes) and for desired
film thickness. For example, an organic solvent or the like can
be used as the solvent. When a siloxane resin is used as the
binder, propylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate (also referred to as PGMEA),
3-methoxy-3-methyl-1-butanol (also referred to as MMB), or
the like can be used as the solvent.

The light-emitting elements shown in FIGS. 62B and 62C
each have a structure where an insulating film is provided
between the electrode layer and the electroluminescent layer
in the light-emitting element in FIG. 62A. The light-emitting
element shown in FIG. 62B includes an insulating film
120204 between the first electrode layer 120200 and the
electroluminescent layer 120202. The light-emitting element
shown in FIG. 62C includes an insulating film 120205
between the first electrode layer 120200 and the electrolumi-
nescent layer 120202, and an insulating film 120206 between
the second electrode layer 120203 and the electroluminescent
layer 120202. In such a manner, the insulating film may be
provided between the electroluminescent layer and one of the
electrode layers interposing the electroluminescent layer, or
may be provided between the electroluminescent layer and
each of the electrode layers interposing the electrolumines-
cent layer. The insulating film may be a single layer or stacked
layers including a plurality of layers.

Although the insulating film 120204 is provided in contact
with the first electrode layer 120200 in FIG. 62B, the insu-
lating film 120204 may be provided in contact with the sec-
ond electrode layer 120203 by reversing the order of the
insulating film and the electroluminescent layer.

A material used for an insulating film such as the insulating
film 120104 in FIG. 61B and the insulating film 120204 in
FIG. 62B preferably has high withstand voltage and dense
film quality. Further, the material preferably has a high dielec-
tric constant. For example, silicon oxide (SiO,), yttrium
oxide (Y,0;), titanium oxide (TiO,), aluminum oxide
(Al,0;), hafnium oxide (HfO,), tantalum oxide (Ta,Os),
barium titanate (BaTiO;), strontium titanate (SrTiO;), lead
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titanate (PbTiO;), silicon nitride (Si;N,), zirconium oxide
(ZrO,), or the like; or a mixed film of these materials or a
stacked-layer film including two or more of those materials
can be used. The insulating film can be formed by sputtering,
evaporation, CVD, or the like. The insulating film may be
formed by dispersing particles of the insulating material in a
binder. A binder material may be formed using a material and
a method similar to those of the binder contained in the
electroluminescent layer. The thickness of the insulating film
is not particularly limited, but preferably in the range of 10 to
1000 nm.

Note that the light-emitting element can emit light when
voltage is applied between the pair of electrode layers inter-
posing the electroluminescent layer. The light-emitting ele-
ment can operate with DC drive or AC drive.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 14]

In this embodiment mode, an example of a display device
is described. In particular, the case where optical treatment is
performed is described.

A rear projection display device 130100 in FIGS. 63A and
63B is provided with a projector unit 130111, a mirror
130112, and a screen panel 130101. The rear projection dis-
play device 130100 may also be provided with a speaker
130102 and operation switches 130104. The projector unit
130111 is provided at a lower portion of a housing 130110 of
the rear projection display device 130100, and projects inci-
dent light which projects an image based on a video signal to
the mirror 130112. The rear projection display device 130100
displays an image projected from a rear surface of the screen
panel 130101.

FIG. 64 shows a front projection display device 130200.
The front projection display device 130200 is provided with
the projector unit 130111 and a projection optical system
130201. The projection optical system 130201 projects an
image to a screen or the like provided at the front.

Hereinafter, a structure of the projector unit 130111 which
is applied to the rear projection display device 130100 in
FIGS. 63A and 63B and the front projection display device
130200 in FIG. 64 is described.

FIG. 65 shows a structure example of the projector unit
130111. The projector unit 130111 is provided with a light
source unit 130301 and a modulation unit 130304. The light
source unit 130301 is provided with a light source optical
system 130303 including lenses and a light source lamp

15

20

30

40

45

55

106

130302. The light source lamp 130302 is stored in a housing
so that stray light is not scattered. As the light source lamp
130302, a high-pressure mercury lamp or a xenon lamp, for
example, which can emit a large amount of light, is used. The
light source optical system 130303 is provided with an optical
lens, a film having a function of polarizing light, a film for
adjusting phase difference, an IR film, or the like as appro-
priate. The light source unit 130301 is provided so that emit-
ted light is incident on the modulation unit 130304. The
modulation unit 130304 is provided with a plurality of display
panels 130308, a color filter, a dichroic mirror 130305, a total
reflection mirror 130306, a prism 130309, and a projection
optical system 130310. Light emitted from the light source
unit 130301 is split into a plurality of optical paths by the
dichroic mirror 130305.

The display panel 130308 and a color filter which transmits
light with a predetermined wavelength or wavelength range
are provided in each optical path. The transmissive display
panel 130308 modulates transmitted light based on a video
signal. Light of each color transmitted through the display
panel 130308 is incident on the prism 130309, and an image
is displayed on a screen through the projection optical system
130310. Note that a Fresnel lens may be provided between the
mirror and the screen. Then, projected light which is pro-
jected by the projector unit 130111 and reflected by the mirror
is converted into generally parallel light by the Fresnel lens
and projected on the screen.

FIG. 66 shows the projector unit 130111 provided with
reflective display panels 130407, 130408, and 130409.

The projector unit 130111 shown in FIG. 66 is provided
with the light source unit 130301 and a modulation unit
130400. The light source unit 130301 may have a structure
similar to that of FIG. 65. Light from the light source unit
130301 is split into a plurality of optical paths by dichroic
mirrors 130401 and 130402 and a total reflection mirror
130403 to be incident on polarization beam splitters 130404,
130405, and 130406. The polarization beam splitters 130404,
130405, and 130406 are provided corresponding to the reflec-
tive display panels 130407, 130408, and 130409 which cor-
respond to respective colors. The reflective display panels
130407, 130408, and 130409 modulate reflected light based
onavideo signal. Light of respective colors which is reflected
by the reflective display panels 130407, 130408, and 130409
is incident on the prism 130109 to be synthesized, and pro-
jected through a projection optical system 130411.

Among light emitted from the light source unit 130301,
only light in a wavelength region of red is transmitted through
the dichroic mirror 130401 and light in wavelength regions of
green and blue is reflected by the dichroic mirror 130401.
Further, only the light in the wavelength region of green is
reflected by the dichroic mirror 130402. The light in the
wavelength region of red, which is transmitted through the
dichroic mirror 130401, is reflected by the total reflection
mirror 130403 and incident on the polarization beam splitter
130404. The light in the wavelength region of blue is incident
on the polarization beam splitter 130405. The light in the
wavelength region of green is incident on the polarization
beam splitter 130406. The polarization beam splitters
130404, 130405, and 130406 have a function of splitting
incident light into p-polarized light and s-polarized light and
a function of transmitting only p-polarized light. The reflec-
tive display panels 130407, 130408, and 130409 polarize
incident light based on a video signal.

Only s-polarized light corresponding to respective colors is
incident on the reflective display panels 130407, 130408, and
130409 corresponding to respective colors. Note that the
reflective display panels 130407, 130408, and 130409 may be
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liquid crystal panels. In this case, the liquid crystal panel
operates in an electrically controlled birefringence (ECB)
mode. Liquid crystal molecules are vertically aligned with
respect to a substrate at a certain angle. Accordingly, in the
reflective display panels 130407, 130408, and 130409, when
apixel is in an off state, display molecules are aligned so as to
reflect incident light without changing a polarization state of
the incident light. When the pixel is in an on state, alignment
of'the display molecules is changed, and the polarization state
of the incident light is changed.

The projector unit 130111 in FIG. 66 can be applied to the
rear projection display device 130100 in FIGS. 63A and 63B
and the front projection display device 130200 in FIG. 64.

FIGS. 67A to 67C show single-panel type projector units.
The projector unit 130111 shown in FIG. 67A is provided
with the light source unit 130301, a display panel 130507, a
projection optical system 130511, and a retardation plate
130504. The projection optical system 130511 includes one
or a plurality of lenses. The display panel 130507 may be
provided with a color filter.

FIG. 67B shows a structure of the projector unit 130111
operating in a field sequential mode. A field sequential mode
refers to a mode in which color display is performed by light
of respective colors such as red, green, and blue sequentially
incident on a display panel with a time lag, without a color
filter. High-definition image can be displayed particularly by
combination with a display panel with high-speed response to
change in input signal. In FIG. 67B, a rotating color filter
plate 130505 including a plurality of color filters with red,
green, blue, or the like is provided between the light source
unit 130301 and a display panel 130508.

FIG. 67C shows a structure of the projector unit 130111
with a color separation method using a micro lens, as a color
display method. This method refers to a method in which
color display is realized by providing a micro lens array
130506 on a light incident side of a display panel 130509 and
emitting light of each color from each direction. The projector
unit 130111 employing this method has little loss of light due
to a color filter, so that light from the light source unit 130301
can be efficiently utilized. The projector unit 130111 shown
in FIG. 67C is provided with dichroic mirrors 130501,
130502, and 130503 so that light of each color is lit to the
display panel 130509 from each direction.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
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[Embodiment Mode 15]

In this embodiment mode, an operation of a display device
is described.

FIG. 68 shows a structure example of a display device.

A display device 180100 includes a pixel portion 180101,
a signal line driver circuit 180103, and a scan line driver
circuit 180104. In the pixel portion 180101, a plurality of
signal lines S1 to Sn extend from the signal line driver circuit
180103 in a column direction. In the pixel portion 180101, a
plurality of scan lines G1 to Gm extend from the scan line
driver circuit 180104 in a row direction. Pixels 180102 are
arranged in matrix at each intersection of the plurality of
signal lines S1 to Sn and the plurality of scan lines G1 to Gm.

The signal line driver circuit 180103 has a function of
outputting a signal to each of the signal lines S1 to Sn. This
signal may be referred to as a video signal. The scan line
driver circuit 180104 has a function of outputting a signal to
each of' the scan lines G1 to Gm. This signal may be referred
to as a scan signal.

The pixel 180102 includes at least a switching element
connected to the signal line. On/off of the switching element
is controlled by a potential of the scan line (a scan signal).
When the switching element is turned on, the pixel 180102 is
selected. On the other hand, when the switching element is
turned off, the pixel 180102 is not selected.

When the pixel 180102 is selected (a selection state), a
video signal is input to the pixel 180102 from the signal line.
A state (e.g., luminance, transmittance, or voltage of a storage
capacitor) of the pixel 180102 is changed in accordance with
the video signal input thereto.

When the pixel 180102 is not selected (a non-selection
state), the video signal is not input to the pixel 180102. Note
that the pixel 180102 holds a potential corresponding to the
video signal which is input when selected; thus, the pixel
180102 maintains the state (e.g., luminance, transmittance, or
voltage of a storage capacitor) in accordance with the video
signal.

Note that a structure of the display device is not limited to
that shown in FIG. 68. For example, an additional wiring
(such as a scan line, a signal line, a power supply line, a
capacitor line, or a common line) may be added in accordance
with the structure of the pixel 180102. As another example, a
circuit having various functions may be added.

FIG. 69 shows an example of a timing chart for describing
an operation of a display device.

The timing chart of FIG. 69 shows one frame period cor-
responding to a period when an image of one screen is dis-
played. One frame period is not particularly limited, but is
preferably 1/60 second or less so that a viewer does not
perceive a flicker.

The timing chart of FIG. 69 shows timing of selecting the
scan line G1 in the first row, the scan line Gi (one of the scan
lines G1 to Gm) in the i-th row, the scan line Gi+1 in the
(i+1)th row, and the scan line Gm in the m-th row.

At the same time as the scan line is selected, the pixel
180102 connected to the scan line is also selected. For
example, when the scan line Gi in the i-th row is selected, the
pixel 180102 connected to the scan line Gi in the i-th row is
also selected.

The scan lines G1 to Gm are sequentially selected (here-
inafter also referred to as scanned) from the scan line G1 in
the first row to the scan line Gm in the m-th row. For example,
while the scan line Gi in the i-th row is selected, the scan lines
(G1to Gi-1 and Gi+1 to Gm) other than the scan line Gi in the
i-th row are not selected. Then, during the next period, the
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scan line Gi+1 inthe (i+1)th row is selected. Note that a period
during which one scan line is selected is referred to as one
gate selection period.

Accordingly, when a scan line in a certain row is selected,
video signals from the signal lines S1 to Sn are input to a
plurality of pixels 180102 connected to the scan line, respec-
tively. For example, while the scan line Gi in the i-th row is
selected, given video signals are input from the signal lines S1
to Sn to the plurality of pixels 180102 connected to the scan
line Gi in the i-th row, respectively. Thus, each of the plurality
of pixels 180102 can be controlled individually by the scan
signal and the video signal.

Next, the case where one gate selection period is divided
into a plurality of subgate selection periods is described. FIG.
70 is a timing chart in the case where one gate selection period
is divided into two subgate selection periods (a first subgate
selection period and a second subgate selection period).

Note that one gate selection period may be divided into
three or more subgate selection periods.

The timing chart of FIG. 70 shows one frame period cor-
responding to a period when an image of one screen is dis-
played. One frame period is not particularly limited, but is
preferably 1/60 second or less so that a viewer does not
perceive a flicker.

Note that one frame is divided into two subframes (a first
subframe and a second subframe).

The timing chart of FIG. 70 shows timing of selecting the
scan line Gi in the i-th row, the scan line Gi+1 in the (i+1)th
row, the scan line Gj (one of the scan lines Gi+1 to Gm) in the
j-th row, and the scan line Gj+1 (one of the scan lines Gi+1 to
Gm) in the (j+1)th row.

At the same time as the scan line is selected, the pixel
180102 connected to the scan line is also selected. For
example, when the scan line Gi in the i-th row is selected, the
pixel 180102 connected to the scan line Gi in the i-th row is
also selected.

The scan lines G1 to Gm are sequentially scanned in each
subgate selection period. For example, in one gate selection
period, the scan line Gi in the i-th row is selected in the first
subgate selection period, and the scan line Gj in the j-th row
is selected in the second subgate selection period. Thus, in
one gate selection period, an operation can be performed as if
the scan signals of two rows are selected. At this time, differ-
ent video signals are input to the signal lines S1 to Sn in the
first subgate selection period and the second subgate selection
period. Accordingly, different video signals can be input to a
plurality of pixels 180102 connected to the i-th row and a
plurality of pixels 180102 connected to the j-th row.

Next, a driving method for displaying images with high
quality is described.

FIGS. 71A and 7113 are views for describing high fre-
quency driving.

FIG. 71A shows the case where one image and one inter-
mediate image are displayed in one frame period 180400.
Reference numerals 180401, 180402, 180403, and 180404
denote an image of one frame, an intermediate image of the
frame, an image of the next frame, and an intermediate image
of the next frame, respectively.

The intermediate image 180402 of the frame may be made
based on image signals of the frame and the next frame.
Alternatively, the intermediate image 180402 of the frame
may be made from the image 180401 of the frame, or may be
ablack image. Accordingly, the quality of a moving image in
a hold-type display device can be improved. Further, when
one image and one intermediate image are displayed in one
frame period 180400, there is an advantage in that consis-
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tency with a frame rate of the video signal can be easily
obtained and an image processing circuit is not complicated.

FIG. 7113 shows the case where one image and two inter-
mediate images are displayed in a period with two successive
one frame periods 180400 (two frame periods). Reference
numeral 180411, 180412, 180413, and 180414 denote an
image of the frame, an intermediate image of the frame, an
intermediate image of the next frame, an image of a frame
after next, respectively.

Each of the intermediate image 180412 of the frame and
the intermediate image 180413 of the next frame may be
made based on video signals of the frame, the next frame, and
the frame after next. Alternatively, each of the intermediate
image 180412 of the frame and the intermediate image
180413 of the next frame may be a black image. When one
image and two intermediate images are displayed in two
frame periods, there is an advantage in that operating fre-
quency of a peripheral driver circuit is not so high and the
quality of a moving image can be effectively improved.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially modifying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 16]

In this embodiment mode, a structure of an EL element is
described. In particular, a structure of an organic EL element
is described.

A structure of amixed junction EL element is described. As
an example, a structure is described, which includes a layer (a
mixed layer) in which a plurality of materials among a hole
injecting material, a hole transporting material, a light-emit-
ting material, an electron transporting material, an electron
injecting material, and the like are mixed (hereinafter referred
to as a mixed junction type EL element), which is different
from a stacked-layer structure where a hole injecting layer
formed of a hole injecting material, a hole transporting layer
formed of a hole transporting material, a light-emitting layer
formed of a light-emitting material, an electron transporting
layer formed of an electron transporting material, an electron
injecting layer formed of an electron injecting material, and
the like are clearly distinguished.

FIGS. 72A to 72E are schematic views each showing a
structure of a mixed junction type EL element. Note that a
layer interposed between an anode 190101 and a cathode
190102 corresponds to an EL layer.

FIG. 72A shows a structure in which an EL layer includes
a hole transporting region 190103 formed of a hole transport-
ing material and an electron transporting region 190104
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formed of an electron transporting material. The hole trans-
porting region 190103 is closer to the anode than the electron
transporting region 190104. A mixed region 190105 includ-
ing both the hole transporting material and the electron trans-
porting material is provided between the hole transporting
region 190103 and the electron transporting region 190104.

In a direction from the anode 190101 to the cathode
190102, a concentration of the hole transporting material in
the mixed region 190105 is decreased and a concentration of
the electron transporting material in the mixed region 190105
is increased.

Note that a concentration gradient can be freely set. For
example, a ratio of concentrations of each functional material
may be changed (a concentration gradient may be formed) in
the mixed region 190105 including both the hole transporting
material and the electron transporting material, without
including the hole transporting region 190103 formed of only
the hole transporting material. Alternatively, a ratio of con-
centrations of each functional material may be changed (a
concentration gradient may be formed) in the mixed region
190105 including both the hole transporting material and the
electron transporting material, without including the hole
transporting region 190103 formed of only the hole transport-
ing material and the electron transporting region 190104
formed of only the electron transporting material. Further
alternatively, a ratio of concentrations may be changed
depending on a distance from the anode or the cathode. Note
that the ratio of concentrations may be changed continuously.

A region 190106 to which a light-emitting material is
added is included in the mixed region 190105. A light emis-
sion color of the EL element can be controlled by the light-
emitting material. Further, carriers can be trapped by the
light-emitting material. As the light-emitting material, vari-
ous fluorescent dyes as well as a metal complex having a
quinoline skeleton, a benzoxazole skeleton, or a benzothiaz-
ole skeleton can be used. The light emission color of the EL.
element can be controlled by adding the light-emitting mate-
rial.

As the anode 190101, an electrode material having a high
work function is preferably used in order to inject holes
efficiently. For example, a transparent electrode formed of
indium tin oxide (ITO), indium zinc oxide (IZO), ZnO, SnO,,
In,Oj;, or the like can be used. When a light-transmitting
property is not needed, the anode 190101 may be formed of
an opaque metal material.

As the hole transporting material, an aromatic amine com-
pound or the like can be used.

As the electron transporting material, a metal complex
having a quinoline derivative, 8-quinolinol, or a derivative
thereof as a ligand (especially tris(8-quinolinolato)aluminum
(Algs)), or the like can be used.

As the cathode 190102, an electrode material having a low
work function is preferably used in order to inject electrons
efficiently. A metal such as aluminum, indium, magnesium,
silver, calcium, barium, or lithium can be used by itself.
Alternatively, an alloy of the aforementioned metal or an
alloy of the aforementioned metal and another metal may be
used.

FIG. 72B is the schematic view of the structure of the EL
element, which is different from that of FIG. 72A. Note that
the same portions as those in FIG. 72A are denoted by the
same reference numerals, and description thereof is omitted.

In FIG. 72B, a region to which a light-emitting material is
added is not included. However, when a material (electron-
transporting and light-emitting material ) having both an elec-
tron transporting property and a light-emitting property, for
example, tris(8-quinolinolato)aluminum (Alqs) is used as a
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material added to the electron transporting region 190104,
light emission can be performed.

Alternatively, as a material added to the hole transporting
region 190103, a material (a hole-transporting and light-emit-
ting material) having both a hole transporting property and a
light-emitting property may be used.

FIG. 72C is the schematic view of the structure of the EL.
element, which is different from those of FIGS. 72A and 72B.
Note that the same portions as those in FIGS. 72A and 72B are
denoted by the same reference numerals, and description
thereof is omitted.

In FIG. 72C, aregion 190107 included in the mixed region
190105 is provided, to which a hole blocking material having
a larger energy difference between the highest occupied
molecular orbital and the lowest unoccupied molecular
orbital than the hole transporting material is added. The
region 190107 to which the hole blocking material is added is
provided closer to the cathode 190102 than the region 190106
in the mixed region 190105, to which the light-emitting mate-
rial is added; thus, a recombination rate of carriers can be
increased, and light emission efficiency can be increased. The
structure provided with the region 190107 to which the hole
blocking material is added is especially effective in an EL
element which utilizes light emission (phosphorescence) by a
triplet exciton.

FIG. 72D is the schematic view of the structure of the EL.
element, which is different from those of FIGS. 72A to 72C.
Note that the same portions as those in FIGS. 72A to 72C are
denoted by the same reference numerals, and description
thereof is omitted.

In FIG. 72D, a region 190108 included in the mixed region
190105 is provided, to which an electron blocking material
having a larger energy difference between the highest occu-
pied molecular orbital and the lowest unoccupied molecular
orbital than the electron transporting material is added. The
region 190108 to which the electron blocking material is
added is provided closer to the anode 190101 than the region
190106 in the mixed region 190105, to which the light-emit-
ting material is added; thus, a recombination rate of carriers
can be increased, and light emission efficiency can be
increased. The structure provided with the region 190108 to
which the electron blocking material is added is especially
effective in an EL. element which utilizes light emission
(phosphorescence) by a triplet exciton.

FIG. 72E is the schematic view of the structure of the
mixed junction type EL element, which is different from
those of FIGS. 72A to 72D. FIG. 72E shows an example of a
structure where a region 190109 to which a metal material is
added is included in part of an EL layer in contact with an
electrode ofthe EL element. In FIG. 72E, the same portions as
those in FIGS. 72A to 72D are denoted by the same reference
numerals, and description thereof is omitted. In the structure
shown in FIG. 72E, MgAg (an Mg—Ag alloy) may be used as
the cathode 190102, and the region 190109 to which an Al
(aluminum) alloy is added may be included in a region of the
electron transporting region 190104 to which the electron
transporting material is added, which is in contact with the
cathode 190102, for example. With the aforementioned struc-
ture, oxidation of the cathode can be prevented, and electron
injection efficiency from the cathode can be increased.
Accordingly, the lifetime of the mixed junction type EL ele-
ment can be extended. Further, driving voltage can be low-
ered.

As a method of forming the mixed junction type EL ele-
ment, a co-evaporation method or the like can be used.

In the mixed junction type EL elements as shown in FIGS.
72A to 72E, a clear interface between the layers does not
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exist, and charge accumulation can be reduced. Accordingly,
the lifetime of the EL element can be extended. Further,
driving voltage can be lowered.

Note that the structures shown in FIGS. 72A to 72E can be
implemented in free combination with each other.

In addition, a structure of the mixed junction type EL
element is not limited to those described above. A known
structure can be freely used.

An organic material which forms an EL layer of an EL,
element may be a low molecular material or a high molecular
material. Alternatively, both of the materials may be used.
When a low molecular material is used for an organic com-
pound material, a film can be formed by an evaporation
method. When a high molecular material is used for the ELL
layer, the high molecular material is dissolved in a solvent and
a film can be formed by a spin coating method or an inkjet
method.

The EL layer may be formed of a middle molecular mate-
rial. In this specification, a middle molecule organic light-
emitting material refers to an organic light-emitting material
without a sublimation property and with a polymerization
degree of approximately 20 or less. When a middle molecular
material is used for the EL layer, a film can be formed by an
inkjet method or the like.

Note that a low molecular material, a high molecular mate-
rial, and a middle molecular material may be used in combi-
nation.

An EL element may utilize either light emission (fluores-
cence) by a singlet exciton or light emission (phosphores-
cence) by a triplet exciton.

Next, an evaporation device for manufacturing a display
device applicable to the present invention is described with
reference to drawings.

A display device applicable to the present invention may be
manufactured to include an EL layer. The EL layer is formed
including at least partially a material which exhibits elec-
troluminescence. The EL layer may be formed of a plurality
of layers having different functions. In this case, the EL layer
may be formed of a combination of layers having different
functions, which are also referred to as a hole injecting and
transporting layer, a light-emitting layer, an electron injecting
and transporting layer, and the like.

FIG. 73 shows a structure of an evaporation device for
forming an EL layer over an element substrate provided with
atransistor. In the evaporation device, a plurality of treatment
chambers are connected to transfer chambers 190260 and
190261. Each treatment chamber includes a loading chamber
190262 for supplying a substrate, an unloading chamber
190263 for collecting the substrate, a heat treatment chamber
190268, a plasma treatment chamber 190272, deposition
treatment chambers 190269 to 190271 and 190273 to 190275
for depositing an ELL material, and a deposition treatment
chamber 190276 for forming a conductive film which is
formed of aluminum or contains aluminum as its main com-
ponent as one electrode of an EL element. Gate valves
190277a to 190277m are provided between the transfer
chambers and the treatment chambers, so that the pressure in
each treatment chamber can be controlled independently, and
cross contamination between the treatment chambers is pre-
vented.

A substrate introduced into the transfer chamber 190260
from the loading chamber 190262 is transferred to a prede-
termined treatment chamber by an arm type transfer means
190266 capable of rotating. The substrate is transferred from
a certain treatment chamber to another treatment chamber by
the transfer means 190266. The transfer chambers 190260
and 190261 are connected by the deposition treatment cham-
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ber 190270 at which the substrate is transported by the trans-
fer means 190266 and a transfer means 190267.

Each treatment chamber connected to the transfer cham-
bers 190260 and 190261 is maintained in a reduced pressure
state. Accordingly, in the evaporation device, deposition
treatment of an EL layer is continuously performed without
exposing the substrate to the room air. A display panel in
which formation of the EL layer is finished is deteriorated due
to moisture or the like in some cases. Accordingly, in the
evaporation device, a sealing treatment chamber 190265 for
performing sealing treatment before exposure to the room air
in order to maintain the quality is connected to the transfer
chamber 190261. Since the sealing treatment chamber
190265 is under atmospheric pressure or reduced pressure
near atmospheric pressure, an intermediate treatment cham-
ber 190264 is also provided between the transfer chamber
190261 and the sealing treatment chamber 190265. The inter-
mediate treatment chamber 190264 is provided for transport-
ing the substrate and buffering the pressure between the
chambers.

An exhaust means is provided in the loading chamber, the
unloading chamber, the transfer chamber, and the deposition
treatment chamber in order to maintain reduced pressure in
the chamber. As the exhaust means, various vacuum pumps
such as a dry pump, a turbo-molecular pump, and a diffusion
pump can be used.

In the evaporation device of FIG. 73, the number of treat-
ment chambers connected to the transfer chambers 190260
and 190261 and structures thereof can be combined as appro-
priate in accordance with a stacked-layer structure of the ELL
element. An example of a combination is described below.

Inthe heat treatment chamber 190268, degasification treat-
ment is performed by heating a substrate over which a lower
electrode, an insulating partition wall, or the like is formed. In
the plasma treatment chamber 190272, a surface of the lower
electrode is treated with a rare gas or oxygen plasma. This
plasma treatment is performed for cleaning the surface, sta-
bilizing a surface state, or stabilizing a physical or chemical
state (e.g., a work function) of the surface.

The deposition treatment chamber 190269 is for forming
an electrode buffer layer which is in contact with one elec-
trode of the EL element. The electrode buffer layer has a
carrier injection property (hole injection or electron injection)
and suppresses generation of a short-circuit or a black spot
defect of'the EL element. Typically, the electrode buffer layer
is formed of an organic-inorganic hybrid material, has a resis-
tivity of 5x10* to 1x10° Qcm, and is formed having a thick-
ness of 30 to 300 nm. Note that the deposition treatment
chamber 190271 is for forming a hole transporting layer.

A light-emitting layer in an EL element has a different
structure between the case of emitting single color light and
the case of emitting white light. Deposition treatment cham-
bers in the evaporation device are preferably arranged
depending on the structure. For example, when three kinds of
EL elements each having a different light emission color are
formed in a display panel, it is necessary to form light-emit-
ting layers corresponding to respective light emission colors.
In this case, the deposition treatment chamber 190270 can be
used for forming a first light-emitting layer, the deposition
treatment chamber 190273 can be used for forming a second
light-emitting layer, and the deposition treatment chamber
190274 can be used for forming a third light-emitting layer.
By using different deposition treatment chambers for respec-
tive light-emitting layers, cross contamination due to differ-
ent light-emitting materials can be prevented, and throughput
of the deposition treatment can be improved.
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Note that three kinds of EL elements each having a differ-
ent light emission color may be sequentially deposited in each
of the deposition treatment chambers 190270, 190273, and
190274. In this case, evaporation is performed by moving a
shadow mask depending on a region to be deposited.

When an EL element which emits white light is formed, the
EL element is formed by vertically stacking light-emitting
layers of different light emission colors. In this case also, the
element substrate can be sequentially transferred through the
deposition treatment chambers so that each light-emitting
layer is formed. Alternatively, different light-emitting layers
can be formed continuously in the same deposition treatment
chamber.

In the deposition treatment chamber 190276, an electrode
is formed over the EL layer. The electrode can be formed by
an electron beam evaporation method or a sputtering method,
and preferably by a resistance heating evaporation method.

The element substrate in which formation of the electrode
is finished is transferred to the sealing treatment chamber
190265 through the intermediate treatment chamber 190264.
The sealing treatment chamber 190265 is filled with an inert
gas such as helium, argon, neon, or nitrogen, and a sealing
substrate is attached to a side of the element substrate where
the EL layer is formed under the atmosphere so that the EL,
layer is sealed. In a sealed state, a space between the element
substrate and the sealing substrate may be filled with an inert
gas or a resin material. The sealing treatment chamber
190265 is provided with a dispenser which draws a sealing
material, a mechanical element such as an arm or a fixing
stage which fixes the sealing substrate to face the element
substrate, a dispenser or a spin coater which fills the chamber
with a resin material, or the like.

FIG. 74 shows an internal structure of a deposition treat-
ment chamber. The deposition treatment chamber is main-
tained in a reduced pressure state. In FIG. 74, a space inter-
posed between a top plate 190391 and a bottom plate 190392
corresponds to an internal space of the chamber, which is
maintained in a reduced pressure state.

One or a plurality of evaporation sources are provided in
the treatment chamber. This is because a plurality of evapo-
ration sources are preferably provided when a plurality of
layers having different compositions are formed or when
different materials are co-evaporated. In FIG. 74, evaporation
sources 190381a, 1903815, and 190381 ¢ are attached to an
evaporation source holder 190380. The evaporation source
holder 190380 is held by a multi joint arm 190383. The
multi-joint arm 190383 allows the evaporation source holder
190380 to move within its movable range by stretching the
joint. Alternatively, the evaporation source holder 190380
may be provided with a distance sensor 190382 to monitor a
distance between the evaporation sources 190381a to
190381c¢ and a substrate 190389 so that an optimal distance
for evaporation is controlled. In this case, the multi-joint arm
may be capable of moving toward upper and lower directions
(Z direction) as well.

The substrate 190389 is fixed by using a substrate stage
190386 and a substrate chuck 190387 together. The substrate
stage 190386 may have a structure where a heater is incorpo-
rated so that the substrate 190389 can be heated. The substrate
190389 is fixed to the substrate stage 190386 with the support
of the substrate chuck 190387 and is transferred. At the time
of evaporation, a shadow mask 190390 provided with an
opening corresponding to an evaporation pattern can be used
when needed. In this case, the shadow mask 190390 is
arranged between the substrate 190389 and the evaporation
sources 190381a to 190381c. The shadow mask 190390
adheres to the substrate 190389 or is fixed to the substrate
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190389 with a certain interval therebetween by a mask chuck
190388. When alignment of the shadow mask 190390 is
needed, the alignment is performed by arranging a camera in
the treatment chamber and providing the mask chuck 190388
with a positioning means which slightly moves in X-Y-0
directions.

Each of the evaporation sources 190381a to 190381c¢ is
provided with an evaporation material supply means which
continuously supplies an evaporation material to the evapo-
ration source. The evaporation material supply means
includes evaporation material supply sources 190385a,
1903855, and 190385¢, which are provided apart from the
evaporation sources 190381a, 1903815, and 190381¢, and a
material supply pipe 190384 which connects the evaporation
source and the evaporation material supply source. Typically,
the evaporation material supply sources 1903854 to 190385¢
are provided corresponding to the evaporation sources
190381a to 190381c. In FIG. 74, the evaporation material
supply source 190385a corresponds to the evaporation source
190381a, the evaporation material supply source 1903856
corresponds to the evaporation source 1903815, and the
evaporation material supply source 190385¢ corresponds to
the evaporation source 190381c.

As a method for supplying an evaporation material, an
airflow transfer method, an aerosol method, or the like can be
employed. In an airflow transfer method, impalpable powder
of an evaporation material is transferred in airflow to the
evaporation sources 1903814 to 190381c¢ by using an inert
gas or the like. In an aerosol method, evaporation is per-
formed while material liquid in which an evaporation mate-
rial is dissolved or dispersed in a solvent is transferred and
aerosolized by an atomizer and the solvent in the aerosol is
vaporized. In each case, the evaporation sources 190381a to
190381c¢ are provided with a heating means, and a film is
formed over the substrate 190389 by vaporizing the trans-
ferred evaporation material. In FIG. 74, the material supply
pipe 190384 can be bent flexibly and is formed of a thin pipe
which has enough rigidity not to be transformed even under
reduced pressure.

When an airflow transfer method or an aerosol method is
employed, film formation may be performed in the deposition
treatment chamber under atmospheric pressure or lower, and
preferably under a reduced pressure of 133 to 13300 Pa. The
pressure can be adjusted while an inert gas such as helium,
argon, neon, krypton, xenon, or nitrogen fills the deposition
treatment chamber or is supplied (and exhausted at the same
time) to the deposition treatment chamber. Note that an oxi-
dizing atmosphere may be employed by introducing a gas
such as oxygen or nitrous oxide in the deposition treatment
chamber where an oxide film is formed. Alternately, a reduc-
ing atmosphere may be employed by introducing a gas such
as hydrogen in the deposition treatment chamber where an
organic material is deposited.

As another method for supplying an evaporation material,
a screw may be provided in the material supply pipe 190384
to continuously push the evaporation material toward the
evaporation source.

With this evaporation device, a film can be formed continu-
ously with high uniformity even in the case of a large display
panel. Since it is not necessary to supply an evaporation
material to the evaporation source every time the evaporation
material is run out, throughput can be improved.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
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drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.
[Embodiment Mode 17]

In this embodiment mode, examples of electronic devices
according to the present invention are described.

FIG. 75 shows a display panel module combining a display
panel 900101 and a circuit board 900111. The display panel
900101 includes a pixel portion 900102, a scan line driver
circuit 900103, and a signal line driver circuit 900104. The
circuit board 900111 is provided with a control circuit
900112, a signal dividing circuit 900113, and the like, for
example. The display panel 900101 and the circuit board
900111 are connected by a connection wiring 900114. An
FPC or the like can be used for the connection wiring.

In the display panel 900101, the pixel portion 900102 and
part of peripheral driver circuits (a driver circuit having a low
operation frequency among a plurality of driver circuits) may
be formed over the same substrate by using transistors, and
another part of the peripheral driver circuits (a driver circuit
having a high operation frequency among the plurality of
driver circuits) may be formed over an IC chip. Then, the IC
chip may be mounted on the display panel 900101 by COG
(Chip On Glass) or the like. Thus, the area of the circuit board
900111 can be reduced, and a small display device can be
obtained. Alternatively, the IC chip may be mounted on the
display panel 900101 by using TAB (Tape Automated Bond-
ing) or a printed wiring board. Thus, the area of the display
panel 900101 can be reduced, and a display device with a
narrower frame can be obtained.

For example, in order to reduce power consumption, a pixel
portion may be formed over a glass substrate by using tran-
sistors, and all peripheral circuits may be formed over an IC
chip. Then, the IC chip may be mounted on a display device
by COG or TAB.

A television receiver can be completed with the display
panel module shown in FIG. 75. FIG. 76 is a block diagram
showing a main structure of a television receiver. A tuner
900210 receives a video signal and an audio signal. The video
signals are processed by an video signal amplifier circuit
900202; a video signal processing circuit 900203 which con-
verts a signal output from the video signal amplifier circuit
900202 into a color signal corresponding to each color of red,
green, and blue; and a control circuit 900212 which converts
the video signal into an input specification of a driver circuit.
The control circuit 900212 outputs signals to each of the scan
line side and the signal line side. When digital driving is
performed, a structure may be employed in which a signal
dividing circuit 900213 is provided on the signal line side and
an input digital signal is divided into m signals (m is a positive
integer) to be supplied.
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Among the signals received by the tuner 900210, an audio
signal is transmitted to an audio signal amplifier circuit
900205, and an output thereof’is supplied to a speaker 900207
through an audio signal processing circuit 900206. A control
circuit 900208 receives control information on receiving sta-
tion (receiving frequency) and volume from an input portion
900209 and transmits a signal to the tuner 900210 or the audio
signal processing circuit 900206.

FIG. 77A shows a television receiver incorporated with a
display panel module which is different from FIG. 76. In FIG.
77A, a display screen 900302 stored in a housing 900301 is
formed using the display panel module. Note that speakers
900303, an operation switch 900304, and the like may be
provided as appropriate.

FIG. 77B shows a television receiver in which only a dis-
play can be carried wirelessly. A battery and a signal receiver
are incorporated in a housing 900312. The battery drives a
display portion 900313 or a speaker portion 900317. The
battery can be repeatedly charged by a charger 900310. The
charger 900310 which is capable of transmitting and receiv-
ing a video signal can transmit the video signal to the signal
receiver of the display. The housing 900312 is controlled by
an operation key 900316. Alternatively, the device shown in
FIG. 77B can transmit a signal to the charger 900310 from the
housing 900312 by operating the operation key 900316. That
is, the device may be an image and audio interactive commu-
nication device. Further alternatively, by operating the opera-
tion key 900316, a signal is transmitted to the charger 900310
from the housing 900312, and another electronic device is
made to receive a signal which can be transmitted from the
charger 900310, thus, the device can control communication
of another electronic device. That is, the device may be a
general-purpose remote control device. The present invention
can be applied to the display portion 900313.

FIG. 78A shows a module combining a display panel
900401 and a printed wiring board 900402. The display panel
900401 may be provided with a pixel portion 900403 includ-
ing a plurality of pixels, a first scan line driver circuit 900404,
a second scan line driver circuit 900405, and a signal line
driver circuit 900406 which supplies a video signal to a
selected pixel.

The printed wiring board 900402 is provided with a con-
troller 900407, a central processing unit (CPU) 900408, a
memory 900409, a power supply circuit 9004010, an audio
processing circuit 900411, a transmitting/receiving circuit
900412, and the like. The printed wiring board 900402 and
the display panel 900401 are connected by a flexible printed
circuit (FPC) 900413. The flexible printed circuit (FPC)
900413 may be provided with a capacitor, a buffer circuit, or
the like so as to prevent noise on power supply voltage or a
signal, and increase in rise time of a signal, Note that the
controller 900407, the audio processing circuit 900411, the
memory 900409, the central processing unit (CPU) 900408,
the power supply circuit 900410, or the like can be mounted
to the display panel 900401 by using a COG (Chip On Glass)
method. By using a COG method, the size of the printed
wiring board 900402 can be reduced.

Various control signals are input and output through an
interface (I/F) portion 900414 provided for the printed wiring
board 900402. An antenna port 900415 for transmitting and
receiving a signal to/from an antenna is provided for the
printed wiring board 900402.

FIG. 78B is a block diagram of the module shown in FIG.
78A. The module includes a VRAM 900416, a DRAM
900417, a flash memory 900418, and the like as the memory
900409. The VRAM 900416 stores data on an image dis-
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played on a panel, the DRAM 900417 stores video data or
audio data, and the flash memory 900418 stores various pro-
grams.

The power supply circuit 900410 supplies electric power
for operating the display panel 900401, the controller
900407, the central processing unit (CPU) 900408, the audio
processing circuit 900411, the memory 900409, and the
transmitting/receiving circuit 900412. Note that the power
supply circuit 900410 may be provided with a current source
depending on a panel specification.

The central processing unit (CPU) 900408 includes a con-
trol signal generation circuit 900420, a decoder 900421, a
register 900422, an arithmetic circuit 900423, a RAM
900424, an interface (I/F) portion 900419 for the central
processing unit (CPU) 900408, and the like. Various signals
input to the central processing unit (CPU) 900408 via the
interface (I/F) portion 900414 are once stored in the register
900422, and subsequently input to the arithmetic circuit
900423, the decoder 900421, and the like. The arithmetic
circuit 900423 performs operation based on the signal input
thereto so as to designate a location to which various instruc-
tions are sent. On the other hand, the signal input to the
decoder 900421 is decoded and input to the control signal
generation circuit 900420. The control signal generation cir-
cuit 900420 generates a signal including various instructions
based on the signal input thereto, and transmits the signal to
the location designated by the arithmetic circuit 900423, spe-
cifically the memory 900409, the transmitting/receiving cir-
cuit 900412, the audio processing circuit 900411, and the
controller 900407, for example.

The memory 900409, the transmitting/receiving circuit
900412, the audio processing circuit 900411, and the control-
ler 900407 operate in accordance with respective instruc-
tions. Hereinafter, the operation is briefly described.

A signal input from an input means 900425 is transmitted
viathe interface (I/F) portion 900414 to the central processing
unit (CPU) 900408 mounted to the printed wiring board
900402. The control signal generation circuit 900420 con-
verts image data stored in the VRAM 900416 into a prede-
termined format depending on the signal transmitted from the
input means 900425 such as a pointing device or a keyboard,
and transmits the converted data to the controller 900407.

The controller 900407 performs data processing of the
signal including the image data transmitted from the central
processing unit (CPU) 900408 in accordance with the panel
specification, and supplies the signal to the display panel
900401. The controller 900407 generates an Hsync signal, a
Vsync signal, a clock signal CLK, alternating voltage (AC
Cont), and a switching signal I/R based on power supply
voltage input from the power supply circuit 900410 or various
signals input from the central processing unit (CPU) 900408,
and supplies the signals to the display panel 900401.

The transmitting/receiving circuit 900412 processes a sig-
nal which is to be transmitted and received as an electric wave
by an antenna 900428. Specifically, the transmitting/receiv-
ing circuit 900412 may include a high-frequency circuit such
as an isolator, a band pass filter, a VCO (voltage controlled
oscillator), an LPF (low pass filter), a coupler, or a balun. A
signal including audio information among signals transmit-
ted and received by the transmitting/receiving circuit 900412
is transmitted to the audio processing circuit 900411 in accor-
dance with an instruction from the central processing unit
(CPU) 900408.

The signal including the audio information which is trans-
mitted in accordance with the instruction from the central
processing unit (CPU) 900408 is demodulated into an audio
signal by the audio processing circuit 900411 and transmitted
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to a speaker 900427. An audio signal transmitted from a
microphone 900426 is modulated by the audio processing
circuit 900411 and transmitted to the transmitting/receiving
circuit 900412 in accordance with an instruction from the
central processing unit (CPU) 900408.

The controller 900407, the central processing unit (CPU)
900408, the power supply circuit 900410, the audio process-
ing circuit 900411, and the memory 900409 can be mounted
as a package of this embodiment mode.

It is needless to say that this embodiment mode is not
limited to a television receiver and can be applied to various
uses, such as a monitor of a personal computer, and especially
as a large display medium such as an information display
board at the train station, the airport, or the like, or an adver-
tisement display board on the street.

Next, a structure example of a mobile phone according to
the present invention is described with reference to FIG. 79.

A display panel 900501 is detachably incorporated in a
housing 900530. The shape or the size of the housing 900530
can be changed as appropriate in accordance with the size of
the display panel 900501. The housing 900530 which fixes
the display panel 900501 is fitted in a printed wiring board
900531 to be assembled as a module.

The display panel 900501 is connected to the printed wir-
ing board 900531 through an FPC 900513. The printed wiring
board 900531 is provided with a speaker 900532, a micro-
phone 900533, a transmitting/receiving circuit 900534, and a
signal processing circuit 900535 including a CPU, a control-
ler, and the like. Such a module, an input means 900536, and
a battery 900537 are combined and stored in a housing
900539. A pixel portion of the display panel 900501 is pro-
vided to be seen from an opening window formed in the
housing 900539.

In the display panel 900501, the pixel portion and part of
peripheral driver circuits (a driver circuit having a low opera-
tion frequency among a plurality of driver circuits) may be
formed over the same substrate by using transistors, and
another part of the peripheral driver circuits (a driver circuit
having a high operation frequency among the plurality of
driver circuits) may be formed over an IC chip. Then, the IC
chip may be mounted on the display panel 900501 by COG
(Chip On Glass). Alternatively, the IC chip may be connected
to a glass substrate by using TAB (Tape Automated Bonding)
or a printed wiring board. With such a structure, power con-
sumption of a display device can be reduced, and operation
time of the mobile phone per charge can be extended. Further,
reduction in cost of the mobile phone can be realized.

The mobile phone shown in FIG. 79 has various functions
such as, but not limited to, a function of displaying various
kinds of information (e.g., a still image, a moving image, and
a text image); a function of displaying a calendar, a date, the
time, and the like on a display portion; a function of operating
or editing the information displaying on the display portion; a
function of controlling processing by various kinds of soft-
ware (programs); a function of wireless communication; a
function of communicating with another mobile phone, a
fixed phone, or an audio communication device by using the
wireless communication function; a function of connecting
with various computer networks by using the wireless com-
munication function; a function of transmitting or receiving
various kinds of data by using the wireless communication
function; a function of operating a vibrator in accordance
with incoming call, reception of data, or an alarm; and a
function of generating a sound in accordance with incoming
call, reception of data, or an alarm.

In a mobile phone shown in FIG. 80, a main body (A)
900601 provided with operation switches 900604, a micro-
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phone 900605, and the like is connected to a main body (B)
900602 provided with a display panel (A) 900608, a display
panel (B) 900609, a speaker 900606, and the like by using a
hinge 900610 so that the mobile phone can be opened and
closed. The display panel (A) 900608 and the display panel
(B) 900609 are placed in a housing 900603 of the main body
(B) 900602 together with a circuit board 900607. Each of
pixel portions of the display panel (A) 900608 and the display
panel (B) 900609 is arranged to be seen from an opening
window formed in the housing 900603.

Specifications of the display panel (A) 900608 and the
display panel (B) 900609, such as the number of pixels, can
be set as appropriate in accordance with functions of a mobile
phone 900600. For example, the display panel (A) 900608
can be used as a main screen and the display panel (B) 900609
can be used as a sub-screen.

A mobile phone according to this embodiment mode can
be changed in various modes depending on functions or appli-
cations thereof. For example, it may be a camera-equipped
mobile phone by incorporating an imaging element in a por-
tion of the hinge 900610. When the operation switches
900604, the display panel (A) 900608, and the display panel
(B) 900609 are placed in one housing, the aforementioned
effects can be obtained. Further, a similar effect can be
obtained when the structure of this embodiment mode is
applied to an information display terminal equipped with a
plurality of display portions.

The mobile phone in FIG. 80 has various functions such as,
but not limited to, a function of displaying various kinds of
information (e.g., a still image, a moving image, and a text
image); a function of displaying a calendar, a date, the time,
and the like on a display portion; a function of operating or
editing the information displaying on the display portion; a
function of controlling processing by various kinds of soft-
ware (programs); a function of wireless communication; a
function of communicating with another mobile phone, a
fixed phone, or an audio communication device by using the
wireless communication function; a function of connecting
with various computer networks by using the wireless com-
munication function; a function of transmitting or receiving
various kinds of data by using the wireless communication
function; a function of operating a vibrator in accordance
with incoming call, reception of data, or an alarm; and a
function of generating a sound in accordance with incoming
call, reception of data, or an alarm.

The present invention can be applied to various electronic
devices. Specifically, the present invention can be applied to
a display portion of an electronic device. Examples of such
electronic devices include cameras such as a video camera
and a digital camera, a goggle-type display, a navigation
system, an audio reproducing device (such as car audio com-
ponents and audio components), a computer, a game
machine, a portable information terminal (such as a mobile
computer, a mobile phone, a mobile game machine, and an
electronic book), and an image reproducing device provided
with a recording medium (specifically, a device which repro-
duces a recording medium such as a digital versatile disc
(DVD) and has a display for displaying the reproduced
image).

FIG. 81A shows a display, which includes a housing
900711, a support base 900712, a display portion 900713, and
the like. The display shown in FIG. 81A can have various
functions such as, but not limited to, a function of displaying
various kinds of information (e.g., a still image, a moving
image, and a text image) on the display portion.

FIG. 81B shows a camera, which includes a main body
900721, a display portion 900722, an image receiving portion
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900723, operation keys 900724, an external connection port
900725, a shutter button 900726, and the like. The camera
shown in FIG. 81B can have various functions such as, but not
limited to, a function of photographing a still image and a
moving image; a function of automatically adjusting the pho-
tographed image (the still image or the moving image); a
function of storing the photographed image in a recording
medium (provided externally or incorporated in the camera);
and a function of displaying the photographed image on the
display portion.

FIG. 81C shows a computer, which includes a main body
900731, a housing 900732, a display portion 900733, a key-
board 900734, an external connection port 900735, a pointing
device 900736, and the like. The computer shown in FIG. 81C
can have various functions such as, but not limited to, a
function of displaying various kinds of information (e.g., a
still image, a moving image, and a text image) on the display
portion; a function of controlling processing by various kinds
of software (programs); a communication function such as
wireless communication or wire communication; a function
of connecting with various computer networks by using the
communication function; and a function of transmitting or
receiving various kinds of data by using the communication
function.

FIG. 81D shows a mobile computer, which includes a main
body 900741, a display portion 900742, a switch 900743,
operation keys 900744, an infrared port 900745, and the like.
The mobile computer shown in FIG. 81D can have various
functions such as, but not limited to, a function of displaying
various kinds of information (e.g., a still image, a moving
image, and a text image) on the display portion; a touch panel
function provided on the display portion; a function of dis-
playing a calendar, a date, the time, and the like on the display
portion; a function of controlling processing by various kinds
of software (programs); a function of wireless communica-
tion; a function of connecting with various computer net-
works by using the wireless communication function; and a
function of transmitting or receiving various kinds of data by
using the wireless communication function.

FIG. 81E shows a portable image reproducing device pro-
vided with a recording medium (e.g., a DVD reproducing
device), which includes a main body 900751, a housing
900752, a display portion A 900753, a display portion B
900754, a recording medium (e.g., DVD) reading portion
900755, operation keys 900756, a speaker portion 900757,
and the like. The display portion A 900753 can mainly display
image information, and the display portion B 900754 can
mainly display text information.

FIG. 81F shows a goggle-type display, which includes a
main body 900761, a display portion 900762, an earphone
900763, a support portion 900764, and the like. The goggle-
type display shown in FIG. 81F can have various functions
such as, but not limited to, a function of displaying an image
(e.g., a still image, a moving image, and a text image) which
is externally obtained on the display portion.

FIG. 81G shows a portable game machine, which includes
ahousing 900771, a display portion 900772, speaker portions
900773, operation keys 900774, a recording medium insert
portion 900775, and the like. The portable game machine
shown in FIG. 81G can have various functions such as, but not
limited to, a function of reading a program or data stored in
the recording medium to display on the display portion; and a
function of sharing information by wireless communication
with another portable game machine.

FIG. 81H shows a digital camera having a television recep-
tion function, which includes a housing 900781, a display
portion 900782, operation keys 900783, a speaker 900784, a
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shutter button 900785, an image receiving portion 900786, an
antenna 900787, and the like. The digital camera having the
television reception function shown in FIG. 81H can have
various functions such as, but not limited to, a function of
photographing a still image and a moving image; a function of
automatically adjusting the photographed image; a function
of obtaining various kinds of information from the antenna; a
function of storing the photographed image or the informa-
tion obtained from the antenna; and a function of displaying
the photographed image or the information obtained from the
antenna on the display portion.

As shown in FIGS. 81A to 81H, the electronic device
according to the present invention includes a display portion
for displaying some kind of information. In the electronic
device according to the present invention, when pieces of data
overlap with each other, the overlapping data is stored in a
memory; thus, frequency of circuit operations can be
decreased. Accordingly, the electronic device has low power
consumption and can drive with a battery for a long time.

Next, application examples of the display device according
to the present invention are described.

FIG. 82 shows an example in which the display device
according to the present invention is incorporated in a con-
structed object. FIG. 82 shows a housing 900810, a display
portion 900811, a remote control device 900812 which is an
operation portion, a speaker portion 900813, and the like. The
display device according to the present invention is incorpo-
rated in the constructed object as a wall-mounted display
device, which can be provided without requiring a large
space.

FIG. 83 shows another example in which the display device
according to the present invention is incorporated in a con-
structed object. A display panel 900901 is incorporated with
a prefabricated bath 900902, and a person who takes a bath
can view the display panel 900901. The display panel 900901
has a function of displaying information by an operation by
the person who takes a bath; and a function of being used as
an advertisement or an entertainment means.

Note that the display device according to the present inven-
tion can be provided not only to a side wall of the prefabri-
cated bath 900902 as shown in FIG. 83, but also to various
places. For example, the display device can be incorporated
with part of a minor, a bathtub itself, or the like. At this time,
the shape of the display panel 900901 may be changed in
accordance with the shape of the mirror or the bathtub.

FIG. 84 shows another example in which the display device
according to the present invention is incorporated in a con-
structed object. A display panel 901002 is bent and attached
to a curved surface of a column-shaped object 901001. Note
that here, a utility pole is described as the column-shaped
object 901001.

The display panel 901002 shown in FIG. 84 is provided at
a position higher than a human viewpoint. When the display
panels 901002 are provided in constructed objects which
stand together in large numbers outdoors, such as utility
poles, advertisement can be performed to an unspecified
number of viewers. Since it is easy for the display panels
901002 to display the same images and instantly switch
images by external control, highly efficient information dis-
play and advertisement effect can be obtained. By provision
of self-luminous display elements, the display panel 901002
can be useful as ahighly visible display medium even at night.
When the display panel 901002 is provided in the utility pole,
a power supply means for the display panel 901002 can be
easily obtained. In an emergency such as disaster, the display
panel 901002 can also be used as a means to transmit correct
information to victims rapidly.
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Note that an example of the display panel 901002 includes
a display panel in which a switching element such as an
organic transistor is provided over a film-shaped substrate
and a display element is driven so that an image is displayed.

Note that in this embodiment mode, a wall, a column-
shaped object, and a prefabricated bath are shown as
examples of constructed objects; however, this embodiment
mode is not limited thereto, and various constructed objects
can be provided with the display device according to the
present invention.

Next, examples where the display device according to the
present invention is incorporated with a moving object are
described.

FIG. 85 shows an example in which the display device
according to the present invention is incorporated with a car.
A display panel 901101 is incorporated with a car body
901102 and can display an operation of the car body or
information input from inside or outside the car body on
demand. Note that a navigation function may be provided.

The display device according to the present invention can
be provided not only to the car body 901102 as shown in FI1G.
85, but also to various places. For example, the display device
can be incorporated with a glass window, a door, a steering
wheel, a gear shift, a seat, a rear-view mirror, and the like. At
this time, the shape of the display panel 901101 may be
changed in accordance with the shape of an object provided
with the display device.

FIGS. 86A and 86B show examples where the display
device according to the present invention is incorporated with
a train car.

FIG. 86A shows an example in which a display panel
901202 is provided in glass of a door 901201 in a train car,
which has an advantage compared with a conventional adver-
tisement using paper in that labor cost for changing an adver-
tisement is not necessary. Since the display panel 901202 can
instantly switch images displaying on a display portion by an
external signal, images on the display panel can be switched
in every time period when types of passengers on the train are
changed, for example. Thus, a more effective advertisement
effect can be obtained.

FIG. 86B shows an example in which the display panels
901202 are provided to a glass window 901203 and a ceiling
901204 as well as the glass of the door 901201 in the train car.
In such a manner, the display device according to the present
invention can be easily provided to a place where a display
device has been difficult to be provided conventionally; thus,
an effective advertisement effect can be obtained. Further, the
display device according to the present invention can
instantly switch images displayed on a display portion by an
external signal; thus, cost and time for changing an advertise-
ment can be reduced, and more flexible advertisement man-
agement and information transmission can be realized.

Note that the display device according to the present inven-
tion can be provided not only to the door 901201, the glass
window 901203, and the ceiling 901204 as shown in FIGS.
86A and 86B, but also to various places. For example, the
display device can be incorporated with a strap, a seat, a
handrail, a floor, and the like. At this time, the shape of the
display panel 901202 may be changed in accordance with the
shape of an object provided with the display device.

FIGS. 87A and 87B show an example in which the display
device according to the present invention is incorporated with
a passenger airplane.

FIG. 87A shows the shape of a display panel 901302 pro-
vided on a ceiling 901301 above a seat of the passenger
airplane when the display panel 901302 is used. The display
panel 901302 is incorporated with the ceiling 901301 with a
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hinge portion 901303, and a passenger can view the display
panel 901302 by stretching of the hinge portion 901303. The
display panel 901302 has a function of displaying informa-
tion by an operation by the passenger and a function of being
used for an advertisement or an entertainment means. As
shown in FIG. 87B, when the hinge portion is bent so that the
display panel is stored in the ceiling 901301, safety in taking-
offand landing can be assured. Note that in an emergency, the
display panel can also be used for an information transmis-
sion means and a guide light by lighting a display element in
the display panel.

Note that the display device according to the present inven-
tion can be provided not only to the ceiling 901301 as shown
in FIGS. 87A and 87B, but also to various places. For
example, the display device can be incorporated with a seat, a
table attached to a seat, an armrest, a window, and the like. A
large display panel which a plurality of people can view may
be provided on a wall of an airframe. At this time, the shape of
the display panel 901302 may be changed in accordance with
the shape of an object provided with the display device.

Note that in this embodiment mode, bodies of a train car, a
car, and an airplane are shown as moving objects; however,
the present invention is not limited thereto, and the display
device according to the present invention can be provided to
various objects such as a motorcycle, an four-wheel drive car
(including a car, a bus, and the like), a train (including a
monorail, a railroad car, and the like), and a vessel. Since the
display device according to the present invention can
instantly switch images displayed on a display panel in a
moving object by an external signal, the moving object pro-
vided with the display device according to the present inven-
tion can be used as an advertisement display board for an
unspecified number of customers, an information display
board in disaster, and the like.

Note that although this embodiment mode is described
with reference to various drawings, the contents (or part of the
contents) described in each drawing can be freely applied to,
combined with, or replaced with the contents (or part of the
contents) described in another drawing. Further, much more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or part of the contents) described in
each drawing in this embodiment mode can be freely applied
to, combined with, or replaced with the contents (or part of the
contents) described in a drawing in another embodiment
mode or embodiment. Further, much more drawings can be
formed by combining each part in each drawing in this
embodiment mode with part of another embodiment mode or
embodiment.

Note that this embodiment mode shows examples of
embodying, slightly transforming, partially moditying,
improving, describing in detail, or applying the contents (or
part of the contents) described in other embodiment modes
and embodiments, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment mode.

[Embodiment 1]

In this embodiment, a more specific example of the signal
line driver circuit included in the display device shown in
FIG. 1 is described.

FIG. 14 shows an example of a circuit diagram of the signal
line driver circuit. The signal line driver circuit shown in FIG.
14 includes a shift register 501, a sampling circuit 502, a first
latch 503, a second latch 504, a third latch 505, a level shifter
506, and a buffer 507. Note that although a signal line driver
circuit including three latches of the first latch 503, the second
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latch 504, and the third latch 505 as memory circuits is
described as an example in this embodiment, the number of
memory circuits is not limited to this.

The shift register 501 includes a plurality of delay flip flops
(DFFs) 508. The shift register 501 generates a timing signal,
a pulse of which is sequentially shifted, in accordance with
the start pulse signal S-SP and the clock signal S-CLK which
are input, and the timing signal is input to the sampling circuit
502 in the next stage.

The sampling circuit 502 includes a plurality of memory
elements (LATs) 509. The sampling circuit 502 sequentially
samples video signals in accordance with the pulse of the
input timing signal, and data of the sampled video signals is
written to the memory elements 509.

The first latch 503 includes a plurality of memory elements
(LATs) 510. The second latch 504 includes a plurality of
memory elements (LATs) 511. The third latch 505 includes a
plurality of memory elements (LLATs) 512. The number of
each of the memory elements 510, the memory elements 511,
and the memory elements 512 is preferably the same as or
more than the number of pixels of one line in a pixel portion.

The writing latch signal WS, and the reading latch signal
RS, are input to the first latch 503. The writing latch signal
WS, and the reading latch signal RS, are input to the second
latch 504. The writing latch signal WS; and the reading latch
signal RS; are input to the third latch 505.

The data which is written to the memory element 509 in the
sampling circuit 502 is written to and held in the memory
elements 510 included in the first latch 503, the memory
elements 511 included in the second latch 504, or the memory
elements 512 included in the third latch 505. Writing of the
data to the memory elements 510 is controlled by the writing
latch signal WS, ; writing of the data to the memory elements
511 is controlled by the writing latch signal WS, ; and writing
of the data to the memory elements 512 is controlled by the
writing latch signal WS;.

The data held in the memory elements 510, the memory
elements 511, or the memory elements 512 is input to the
level shifter 506 in the next stage as a video signal. Input of the
video signal to the level shifter 506 is controlled by the
reading latch signals RS, to RS;.

The level shifter 506 controls voltage amplitude of the
input video signal and inputs the input video signal to the
buffer 507 in the next stage. The buffer 507 shapes a wave-
form of the input video signal and input the video signal to the
pixel portion.

Although this embodiment is described with reference to
various drawings, the contents (or may be part of the contents)
described in each drawing can be freely applied to, combined
with, or replaced with the contents (or may be part of the
contents) described in another drawing. Further, even more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in a drawing in another
embodiment mode or embodiment. Further, even more draw-
ings can be formed by combining each part with part of
another embodiment mode or embodiment in the drawings of
this embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
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example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 2]

In this embodiment, a more specific example of the signal
line driver circuit included in the display device shown in
FIG. 12 is described.

FIG. 15 shows an example of a circuit diagram of the signal
line driver circuit. The signal line driver circuit shown in FIG.
15 includes a shift register 601, a sampling circuit 602, a first
latch 603, a second latch 604, a third latch 605, and a D/A
converter circuit 606. Note that a signal line driver circuit
including three latches of the first latch 603, the second latch
604, and the third latch 605 as memory circuits is described as
an example in this embodiment, the number of memory cir-
cuits is not limited to this.

The shift register 601 includes a plurality of delay flip flops
(DFFs) 608. The shift register 601 generates a timing signal,
a pulse of which is sequentially shifted, in accordance with a
start pulse signal S-SP and a clock signal S-CLK which are
input, and the timing signal is input to the sampling circuit
602 in the next stage.

The sampling circuit 602 includes a plurality of memory
elements (LATs) 609. The number of the memory elements
609 is preferably the same as or more than the number
obtained by multiplying the number of pixels of one line in a
pixel portion by the number ofbits of a video signal. Note that
although an example in which the number of bits of the video
signal is three is described in FIG. 15, the number of bits of the
video signal is not limited to this. The sampling circuit 602
sequentially samples video signals in accordance with the
pulse of the input timing signal, and data ofthe sampled video
signals is written to the memory elements 609.

The first latch 603 includes a plurality of memory elements
(LATs) 610. The second latch 604 includes a plurality of
memory elements (LATs) 611. The third latch 605 includes a
plurality of memory elements (LLATs) 612. The number of
each of the memory elements 610, the memory elements 611,
and the memory elements 612 is preferably the same as or
more than the number obtained by multiplying the number of
pixels of one line in the pixel portion by the number of bits of
the video signal.

The writing latch signal WS, and the reading latch signal
RS, are input to the first latch 603. The writing latch signal
WS, and the reading latch signal RS, are input to the second
latch 604. The writing latch signal WS; and the reading latch
signal RS; are input to the third latch 605.

The data which is written to the memory element 609 in the
sampling circuit 602 is written to and is held in the memory
elements 610 included in the first latch 603, the memory
elements 611 included in the second latch 604, or the memory
elements 612 included in the third latch 605. Writing of the
data to the memory elements 610 is controlled by the writing
latch signal WS | ; writing of the data to the memory elements
611 is controlled by the writing latch signal WS,; and writing
of the data to the memory elements 612 is controlled by the
writing latch signal WS;.

Then, the data held in the memory elements 610, the
memory elements 611, or the memory elements 612 is input
to the D/A converter circuit 606 in the next stage as a video
signal. Input of the video signal to the D/A converter circuit
606 is controlled by the reading latch signals RS, to RS;. The
D/A converter circuit 606 converts the input video signal into
an analog video signal and inputs it to the pixel portion in the
next stage.
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Although this embodiment is described with reference to
various drawings, the contents (or may be part of the contents)
described in each drawing can be freely applied to, combined
with, or replaced with the contents (or may be part of the
contents) described in another drawing. Further, even more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in a drawing in another
embodiment mode or embodiment. Further, even more draw-
ings can be formed by combining each part with part of
another embodiment mode or embodiment in the drawings of
this embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 3]

In this embodiment, a structure of a memory element in a
memory circuit included in a display device of the present
invention is described.

FIG. 20 shows an example of a circuit diagram of the
memory element. FIG. 20 shows structures of memory ele-
ments 801 to 803 included in three memory circuits, respec-
tively. The memory element 802 is connected to the next stage
of the memory element 801. The memory element 803 is
connected to the next stage of the memory element 802. Note
that although the number of memory elements included in
each memory circuit is one in FIG. 20, the number of memory
elements included in each memory circuit is actually the same
as or more than the number of pixels of one line. In the case
where a digital video signal is converted into an analog video
signal in a signal line driver circuit, the number of memory
elements included in each circuit is the same as or more than
the number obtained by multiplying the number of pixels of
one line by the number of bits of the video signal.

The writing latch signal WS, and the reading latch signal
RS, are input to the memory element 801. The writing latch
signal WS, and the reading latch signal RS, are input to the
memory element 802. The writing latch signal WS; and a
reading latch signal RS; are input to the memory elements
803.

Since the memory clements 801 to 803 have the same
circuit structure in FIG. 20, the structure of each memory
element is described in more detail by giving the memory
element 801 as an example.

The memory element 801 includes a clocked inverter 804,
aclocked inverter 806, an inverter 805, and a switching circuit
807. Operations of the clocked inverter 804 and the clocked
inverter 806 are controlled by the writing latch signal WS,
input to the clocked inverter 804 and the clocked inverter 806.
A sampled video signal is input from a sampling circuit to the
clocked inverter 804. Output of the clocked inverter 804 is
supplied to the inverter 805. The inverter 805 and the clocked
inverter 806 form a flip-flop circuit by supplying output of the
inverter 805 to input of the clocked inverter 806 and supplying
output of the clocked inverter 806 to input of the inverter 805.
In addition, the output of the inverter 805 is supplied to the
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next stage of the memory circuit, e.g., a signal line of a pixel
portion or a D/A converter circuit through the switching cir-
cuit 807.

An operation of the switching circuit 807 is controlled by
the reading latch signal RS, input to the switching circuit 807.
FIG. 20 shows an example in which the switching circuit 807
includes a transmission gate 808 and an inverter 809. The
reading latch signal RS, and a signal obtained by inverting the
reading latch signal RS, by the inverter 809 are input to the
transmission gate 808, and switching of the transmission gate
808 is controlled by these signals.

The contents (or may be part of the contents) described in
each drawing of this embodiment can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in a drawing in another embodi-
ment mode or embodiment. Further, even more drawings can
be formed by combining each part with part of another
embodiment mode or embodiment in the drawings of this
embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 4]

In this embodiment, a structure of a pixel portion included
in an active matrix light-emitting device which is a kind of a
display device of the present invention is described.

An active matrix light-emitting device includes a light-
emitting element which corresponds to a display element in
each pixel. Since a light-emitting element emits light by itself,
the light-emitting element has high visibility, dose not need a
backlight which is necessary for a liquid crystal display
device, is suitable for reduction in thickness, and does not
have limitations on the viewing angle. Although a light-emit-
ting device using an organic light-emitting element (OLED)
which is a kind of a light-emitting element is described in this
embodiment, the present invention may be a light-emitting
device using another light-emitting element.

An OLED includes a layer including a material in which
luminescence (electroluminescence) generated by applica-
tion of an electric field can be obtained, an anode layer, and a
cathode layer. As electroluminescence, there are lumines-
cence (fluorescence) at the time of returning to a ground state
from a singlet-excited state and luminescence (phosphores-
cence) at the time of returning to a ground state from a
triplet-excited state. A light-emitting device of the present
invention may use either one of fluorescence and phospho-
rescence or both fluorescence and phosphorescence.

FIG. 16A is an enlarged view of a pixel portion 301 of a
light-emitting device of this embodiment. The pixel portion
301 includes a plurality of pixels 304 arranged in matrix.
Reference signs S1 to Sx denote signals lines; reference signs
V1 to Vx denote power supply lines; and reference signs G1
to Gy denote scan lines. In this embodiment, the pixel 304
includes one of the signal lines S1 to Sx, one of the power
supply lines V1 to Vx, and one of the scan lines G1 to Gy.

FIG. 16B is an enlarged view of the pixel 304. In FIG. 16B,
areference numeral 305 denotes a switching transistor. A gate
electrode of the switching transistor 305 is connected to a
scan line Gj (j=one of 1 to y). One of a source region and a
drain region of the switching transistor 305 is connected to a
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signal line Si (i=one of 1 to x). The other of the source region
and the drain region of the switching transistor 305 is con-
nected to a gate electrode of a driving transistor 306. In
addition, a storage capacitor 308 included in each pixel is
provided between a power supply line Vi (i=one of 1 to x) and
the gate electrode of the driving transistor 306.

The storage capacitor 308 is provided to hold gate voltage
(a potential difference between the gate electrode and a
source region) of the driving transistor 306 when the switch-
ing transistor 305 is off. Note that although the structure in
which the storage capacitor 308 is provided is described in
this embodiment, the present invention is not limited to this
structure and the storage capacitor 308 is not necessarily
provided.

One of the source region and a drain region of the driving
transistor 306 is connected to the power supply line Vi (i=one
of'1 to x). The other of the source region and the drain region
of the driving transistor 306 is connected to a light-emitting
element 307. The light-emitting element 307 includes an
anode, a cathode, and an electroluminescent layer provided
between the anode and the cathode. When the anode is con-
nected to the source region or the drain region of the driving
transistor 306, the anode corresponds to a pixel electrode and
the cathode corresponds to a counter electrode. Alternatively,
when the cathode is connected to the source region or the
drain region of the driving transistor 306, the cathode corre-
sponds to the pixel electrode and the anode corresponds to the
counter electrode.

Predetermined voltage is applied to each of the counter
electrode of the light-emitting element 307 and the power
supply line Vi.

The scan line Gj is selected in accordance with pulses of
selection signals input to the scan lines G1 to Gy from a scan
line driver circuit. That is, when the pixel 304 of a line cor-
responding to the scan line Gj is selected, the switching
transistor 305, the gate electrode of which is connected to the
scan line Gj, in the pixel 304 of the line is turned on. Then,
when a video signal is input to the signal line Si, the gate
voltage of the driving transistor 306 is determined in accor-
dance with voltage of the video signal. When the driving
transistor 306 is turned on, the power supply line Vi and the
light-emitting element 307 are electrically connected, so that
the light-emitting element 307 emits light by supply of cur-
rent. Alternatively, when the driving transistor 306 is turned
off, the power supply line Vi and the light-emitting element
307 are not electrically connected, so that supply of current to
the light-emitting element 307 is not performed and the light-
emitting element 307 does not emit light.

Note that the switching transistor 305 and the driving tran-
sistor 306 can be either n-channel transistors or p-channel
transistors. Note that when the source region or the drain
region of the driving transistor 306 is connected to the anode
of'the light-emitting element 307, the driving transistor 306 is
preferably a p-channel transistor. Alternatively, when the
source region or the drain region of the driving transistor 306
is connected to the cathode of the light-emitting element 307,
the driving transistor 306 is preferably an n-channel transis-
tor.

Each of the switching transistor 305 and the driving tran-
sistor 306 may have a multi-gate structure such as a double-
gate structure or a triple-gate structure instead of a single-gate
structure.

Note that the present invention can be applied to not only a
display device including pixels having the circuit structure
shown in FIGS. 16 A and 16B but also a display device includ-
ing pixels having various circuit structures. The pixel
included in the display device of the present invention may
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have a threshold voltage compensation circuit structure in
which the threshold voltage of the driving transistor can be
compensated, a current input circuit structure in which the
threshold voltage and mobility of the driving transistor can be
compensated by input of current, or the like, for example.

The contents (or may be part of the contents) described in
each drawing of this embodiment can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in a drawing in another embodi-
ment mode or embodiment, Further, even more drawings can
be formed by combining each part with part of another
embodiment mode or embodiment in the drawings of this
embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 5]

In this embodiment, a structure of a pixel portion included
in an active matrix liquid crystal display device which is a
kind of a display device of the present invention is described.

FIG. 17 is an enlarged view of a pixel portion 401 of a
liquid crystal display device of the present invention. In FIG.
17, the pixel portion 401 includes a plurality of pixels 402
arranged in matrix. Reference signs S1 to Sx denote signals
lines, and reference signs G1 to Gy denote scan lines. In this
embodiment, the pixel 402 includes one of the signal lines S1
to Sx and one of the scan lines G1 to Gy.

The pixel 402 includes a transistor 403 functioning as a
switching element, a liquid crystal cell 404 corresponding to
a display element, and a storage capacitor 405. The liquid
crystal cell 404 includes a pixel electrode, a counter electrode,
and liquid crystals held between the pixel electrode and the
counter electrode. A gate electrode of the transistor 403 is
connected to a scan line Gj (j=one of 1 to x). One of a source
region and a drain region of the transistor 403 is connected to
a signal line Si (i=one of 1 to x). The other of the source region
and the drain region of the transistor 403 is connected to the
pixel electrode of the liquid crystal cell 404. In addition, one
of'two electrodes of the storage capacitor 405 is connected to
the pixel electrode of the liquid crystal cell 404. The other of
the two electrodes of the storage capacitor 405 is connected to
a common electrode. The common electrode may be con-
nected to either the counter electrode of the liquid crystal cell
404 or another scan line.

The scan line Gj is selected in accordance with pulses of
selection signals input to the scan lines G1 to Gy from a scan
line driver circuit. That is, when the pixel 402 of a line cor-
responding to the scan line Gj is selected, the transistor 403,
the gate electrode of which is connected to the scan line Gj, in
the pixel 402 of the line is turned on. Then, when a video
signal is input to the signal line Si from a signal line driver
circuit, voltage is applied between the pixel electrode and the
counter electrode of the liquid crystal cell in accordance with
the video signal. Transmissivity of the liquid crystal cell 404
is determined in accordance with a level of the voltage applied
between the pixel electrode and the counter electrode. In
addition, the voltage between the pixel electrode and the
counter electrode of the liquid crystal cell 404 is held in the
storage capacitor 405.
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The contents (or may be part of the contents) described in
each drawing of this embodiment can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in a drawing in another embodi-
ment mode or embodiment. Further, even more drawings can
be formed by combining each part with part of another
embodiment mode or embodiment in the drawings of this
embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 6]

In this embodiment, timing during which video signals are
input to a pixel portion in one frame period is described with
reference to FIGS. 13A and 13B.

FIG. 13A is a timing chart showing timing during which
videos signal are input to a pixel portion when one frame
period is divided into subframe periods SF1 to SF6. The
horizontal axis represents time and the vertical axis repre-
sents a scanning direction of a line selected by a scan line
driver circuit. FIG. 13A shows an example in which a 6-bit
video signal is used and one frame period is divided into six
(the same number as the number of bits) subframe periods.
Note that the number of bits of the video signal is not limited
to six in the present invention.

Each ofthe subframe periods SF1 to SF6 includes a writing
period Ta for inputting a video signal to each pixel. In the
writing period Ta, pixels of respective lines are sequentially
selected by the scan line driver circuit. Then, a video signal is
input to the pixels of the selected line from a signal line driver
circuit. Then, display is performed in accordance with the
video signal sequentially from the pixels of the line in which
input of the video signal is completed. When input of the
video signals to the pixels of all the lines is completed, the
writing period is completed. Note that since a video signal for
one bit is input to the pixel portion in one writing period,
completion of all the writing periods Ta corresponds to
completion of input of the 6-bit video signal.

Then, when one writing period is completed, display is
continuously performed in accordance with video signal
input to the pixel portion until writing period of the next
subframe period appears. Next, a writing period correspond-
ing to another subframe period appears, and the above-de-
scribed operation is repeated. Then, when all the subframe
periods sequentially appear, one frame period is formed.

When all the subframe periods in one frame period appear,
an image having gray scale levels can be displayed. The
number of gray scales can be determined by controlling lumi-
nance of a display element in each subframe period. For
example, when 64 gray scale levels are displayed by a 6-bit
video signal, the ratio of the length of the subframe periods
SF1 to SF6 is 2°:2*:23:22:2':2° sequentially from the longest
when the number of gray scale levels is changed linearly.

Note that although luminance of the display element
included in the pixel is controlled in accordance with the
video signal in the above-described operation, the present
invention is not limited to this structure. For example, a non-
display period during which luminance ofthe display element
is forcibly made the lowest regardless of a video signal may
be provided. Note that the non-display period is not neces-
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sarily provided. However, when the length of the subframe
period is shorter than the length of the writing period, it is
necessary to provide a non-display period as described above.
When a non-display period is provided, there is no need for
concurrently inputting video signals to pixels of two or more
rows in the pixel portion.

Note that operations may be performed by further dividing
one subframe period into a plurality of subframe periods. In
this case, each of the divided subframe periods includes the
writing period Ta.

Next, the case is described in which only one writing
period Ta appears in one frame period. FIG. 13B is a timing
chart showing timing during which video signals are input to
a pixel portion. The horizontal axis represents time and the
vertical axis represents a scanning direction of a line selected
by a scan line driver circuit.

In FIG. 13B, pixels of respective lines are sequentially
selected by the scan line driver circuit in the writing period Ta.
Then, an analog video signal is input to the pixels of the
selected line from a signal line driver circuit. Then, in the
writing period Ta, display is performed in accordance with the
video signal sequentially from the pixels of the line in which
input of the video signal is completed. When input of the
video signals to the pixels of all the lines is completed, the
writing period is completed. Next, display is performed in
accordance with the video signal input to the pixel portion in
the writing period Ta until the next frame period appears.

Note that the length of the writing period Ta in FIG. 13B
can be set as appropriate by a designer as long as it is within
one frame period. When the length of the writing period Ta is
approximately the same as one frame period, driving fre-
quency of the signal line driver circuit at the time of writing
the video signal can be reduced and power consumption can
also be reduced.

The contents (or may be part of the contents) described in
each drawing of this embodiment can be freely applied to,
combined with, or replaced with the contents (or may be part
of the contents) described in a drawing in another embodi-
ment mode or embodiment. Further, even more drawings can
be formed by combining each part with part of another
embodiment mode or embodiment in the drawings of this
embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 7]

In this embodiment mode, a light-emitting device which is
a kind of a display device of the present invention is given as
an example, and an appearance thereof is described with
reference to FIGS. 18A and 18B. FIG. 18A is a top plan view
of a panel in which a transistor and a light-emitting element
formed over a first substrate are sealed between the first
substrate and a second substrate by a sealant. FIG. 18B cor-
responds to a cross-sectional view taken along a line A-A' in
FIG. 18A.

A sealant 4020 is provide so as to surround a pixel portion
4002, a signal line driver circuit 4003, and a scan line driver
circuit 4004 which are provided over a first substrate 4001. A
second substrate 4006 is provided over the pixel portion 4002,
the signal line driver circuit 4003, and the scan line driver
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circuit 4004. Thus, the pixel portion 4002, the signal line
driver circuit 4003, and the scan line driver circuit 4004 are
sealed between the first substrate 4001 and the second sub-
strate 4006 together with a filler 4007 by the sealant 4020.

Each of the pixel portion 4002, the signal line driver circuit
4003, and the scan line driver circuit 4004 which are provided
over the first substrate 4001 includes a plurality of transistors.
FIG. 18B illustrates a transistor 4008 included in the signal
line driver circuit 4003, and a driving transistor 4009 and a
switching transistor 4010 which are included in the pixel
portion 4002.

A light-emitting element 4011 uses part of a wiring 4017
connected to a source region or a drain region of the driving
transistor 4009 as a pixel electrode. In addition, the light-
emitting element 4011 includes a counter electrode 4012 and
an electroluminescent layer 4013 as well as the pixel elec-
trode. Note that the structure of the light-emitting element
4011 is not limited to the structure shown in this embodiment.
The structure of the light-emitting element 4011 can be
changed as appropriate in accordance with a direction of light
extracted from the light-emitting element 4011, polarity of
the driving transistor 4009, or the like.

Although various signals and voltages supplied to the pixel
portion 4002, the signal line driver circuit 4003, or the scan
line driver circuit 4004 are not shown in the cross-sectional
view in FIG. 18B, various signals and voltages are supplied
from a connection terminal 4016 through extraction wirings
4014 and 4015.

In this embodiment, the connection terminal 4016 is
formed using the same conductive film as the counter elec-
trode 4012 included in the light-emitting element 4011. The
extraction wiring 4014 is formed using the same conductive
film as the wiring 4017. The extraction wiring 4015 is formed
using the same conductive film as gate electrodes included in
the driving transistor 4009, the switching transistor 4010, and
the transistor 4008, respectively.

The connection terminal 4016 is electrically connected to a
terminal included in an FPC 4018 through an anisotropic
conductive film 4019.

Glass, metal (typically, stainless steel), ceramic, or plastic
can be used for the first substrate 4001 and the second sub-
strate 4006. Note that the second substrate 4006 located in the
direction of light extracted from the light-emitting element
4011 necessarily has light-transmitting properties. Thus, a
light-transmitting material such as a glass plate, a plastic
plate, a polyester film, or an acryl film is preferably used for
the second substrate 4006.

In addition, an ultraviolet curable resin or a thermoset resin
can be used for the filler 4007 as well as inert gas such as
nitrogen or argon. In this embodiment, an example in which
nitrogen is used for the filler 4007 is described.

Although this embodiment is described with reference to
various drawings, the contents (or may be part of the contents)
described in each drawing can be freely applied to, combined
with, or replaced with the contents (or may be part of the
contents) described in another drawing. Further, even more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in a drawing in another
embodiment mode or embodiment. Further, even more draw-
ings can be formed by combining each part with part of
another embodiment mode or embodiment in the drawings of
this embodiment.
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This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

[Embodiment 8]

Since power consumption of a display device of the present
invention can be suppressed, the display device of the present
invention is suitable for a display portion included in a hand-
held portable electronic device such as a mobile phone, a
portable game machine, an electronic book, a video camera,
or a digital still camera.

As an electronic device which can use the display device of
the present invention, a goggle display (a head mounted dis-
play), a navigation system, an audio reproducing device (e.g.,
a car audio or an audio component set), a laptop computer, an
image reproducing device provided with a recording medium
(typically, a device for reproducing a recording medium such
as a digital versatile disc (DVD) and having a display for
displaying the reproduced image), and the like can be given.
FIGS. 19A to 19C show specific examples of these electronic
devices.

FIG. 19A shows a mobile phone, which includes a main
body 2101, a display portion 2102, an audio input portion
2103, an audio output portion 2104, and operation keys 2105.
By using the display device of the present invention for the
display portion 2102, a mobile phone in which power con-
sumption can be suppressed can be obtained.

FIG. 1913 shows a video camera, which includes a main
body 2601, a display portion 2602, a housing 2603, an exter-
nal connection port 2604, a remote control receiving portion
2605, an image receiving portion 2606, a battery 2607, an
audio input portion 2608, operation keys 2609, an eyepiece
portion 2610, and the like. By using the display device of the
present invention for the display portion 2602, a video camera
in which power consumption can be suppressed can be
obtained.

FIG. 19C shows an image display device, which includes a
housing 2401, a display portion 2402, a speaker portion 2403,
and the like. By using the display device of the present inven-
tion for the display portion 2402, an image display device in
which power consumption can be suppressed can be
obtained. Note that the image display device corresponds to
all image display devices for displaying images, such as those
for personal computers, television broadcast reception, and
advertisement display.

As described above, the application range of the present
invention is extremely wide and the present invention can be
applied to electronic devices in all fields.

Although this embodiment is described with reference to
various drawings, the contents (or may be part of the contents)
described in each drawing can be freely applied to, combined
with, or replaced with the contents (or may be part of the
contents) described in another drawing. Further, even more
drawings can be formed by combining each part with another
part in the above-described drawings.

Similarly, the contents (or may be part of the contents)
described in each drawing of this embodiment can be freely
applied to, combined with, or replaced with the contents (or
may be part of the contents) described in a drawing in another
embodiment mode or embodiment. Further, even more draw-
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ings can be formed by combining each part with part of
another embodiment mode or embodiment in the drawings of
this embodiment.

This embodiment shows an example of an embodied case
of the contents (or may be part of the contents) described in
other embodiment modes and embodiments, an example of
slight transformation thereof, an example of partial modifi-
cation thereof, an example of improvement thereof, an
example of detailed description thereof, an application
example thereof, an example of related part thereof, or the
like. Therefore, the contents described in other embodiment
modes and embodiments can be freely applied to, combined
with, or replaced with this embodiment.

This application is based on Japanese Patent Application
serial No. 2007-004106 filed with Japan Patent Office on Jan.
12,2007, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A display device comprising:

at least a first memory circuit configured to store lines of
data of video signals corresponding to a plurality of
frame periods;

a data comparison circuit configured to read the lines of
data of the video signals from the first memory circuit,
compare the lines of data, and extract groups each
including at least two lines of data corresponding to at
least two different line periods in which the data of video
signals correspond to each other, the at least two differ-
ent line periods being non-adjacent;

a pixel portion including a plurality of pixels; and

a signal line driver circuit including a sampling circuit and
a plurality of latch circuits each connected to the sam-
pling circuit and configured to sequentially output the at
least two lines of data of the at least two different line
periods, each latch circuit being configured to concur-
rently hold data of video signals corresponding to one of
the groups.

2. The display device according to claim 1, wherein the

data comparison circuit includes:

a counter configured to count a number of the at least two
lines of data included in each of the groups.

3. The display device according to claim 1, wherein the
data comparison circuit is configured to control the plurality
of latch circuits so that writing of data of the groups is per-
formed only once in second memory circuits included in the
display device other than the first memory circuit.

4. The display device according to claim 1, further com-
prising a scan line driver circuit configured for selecting the
plurality of pixels in each line.

5. The display device according to claim 1, wherein the
display device is incorporated in an electronic device selected
from the group consisting of a camera, a computer, an image
reproducing device, a goggle-type display, a game machine,
projector, and a mobile phone.

6. A display device comprising:

a pixel portion comprising a plurality of pixels arranged in

a matrix including lines of pixels;

a driver circuit configured to drive the pixel portion;

a sampling circuit and a plurality of latch circuits each
connected to the sampling circuit, the sampling circuit
and the plurality of latch circuits being comprised in the
driver circuit;

a memory configured to store data of video signals corre-
sponding to line periods included into a plurality of
frame periods, each line period corresponding to writing
of video data to a line of pixels; and
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a data comparison circuit configured to compare data cor-
responding to two non-adjacent lines of pixels, and to
control writing and holding of identical data to be writ-
ten into two non-adjacent lines of pixels in the latch
circuits,

wherein the driver circuit is configured to hold the identical
data while being input with different pieces of data of
video signal corresponding to a line period located
between the two non-adjacent line periods and while
inputting the different pieces of data to the pixel portion.

7. The display device according to claim 6, wherein the
data comparison circuit is configured to control writing and
holding of data in the latch circuits in accordance with a result
of the comparison.

8. The display device according to claim 6, wherein the
data comparison circuit is further configured to extract a
plurality of line periods in which data of video signals corre-
spond to each other.

9. The display device according to claim 8,

wherein the data comparison circuit is further configured
to:
write the corresponding data of video signals into the

plurality of latch circuits; and
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make the plurality of latch circuit hold the correspond-
ing data of video signals until the corresponding data
of video signals have been input to lines of pixels
corresponding to the extracted plurality of line peri-
ods.

10. The display device according to claim 9, wherein the
corresponding data of video signals are hold in a same latch
circuit while a plurality of lines of pixels are input with the
corresponding data of video signals.

11. The display device according to claim 6, further com-
prising a scan line driver circuit configured for selecting the
plurality of pixels in each line.

12. The display device according to claim 6, wherein the
display device is configured so that data identical in the two
lines of pixel can be hold in one of the latch circuits while
being inputted in each of the two lines of pixels.

13. The display device according to claim 6, wherein the
display device is incorporated in an electronic device selected
from the group consisting of a camera, a computer, an image
reproducing device, a goggle-type display, a game machine,
projector, and a mobile phone.

#* #* #* #* #*
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